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Welcome to the Solar Science Middle School Camp Curriculum!

This project is made possible through NASA’s Neurodiversity Network (N3), a Science Activation
program led by Sonoma State University in partnership with the New York Hall of Science,
Education Development Center, WestEd. N3 is funded through NASA Cooperative Agreement
#80ONSSC21MO0004. This curriculum is intended to support a camp designed for middle school
neurodivergent students. For more information on N3 curricula that have been co-designed
with neurodivergent learners, see https://n3.sonoma.edu/curriculum/home

This Solar Science curriculum is centered on real life events, and it has been designed to
encourage students to follow their own curiosity and interests in investigating these events. It
was originally designed for high school students, and then adapted for middle schoolers. Several
middle school students were invited to assist with the creation of this curriculum, through the
co-design process. The lessons in this guide have greatly benefited from the feedback given to us
by our neurodivergent student partners after doing the activities themselves.

The Sun impacts daily life on our planet in a myriad of ways, from the light and warmth we need
to survive, to lesser known effects such as solar storms that are able to disrupt communications
on Earth. This exciting Solar System curriculum invites students to consider how the Sun impacts
their own lives as they explore the mysterious events that drive these lessons.



Programmatic Structure

This camp is structured around a series of Solar
Mysteries, which are introduced in the first
activity. These mysteries provide the impetus
for the rest of the investigation, and are a pillar
of the intended daily structure of camp. The
entire program is designed around solving these
mysteries. It is essential for instructors to start
the camp with the Solar Mysteries activity and
to conclude it by revisiting the Solar Mysteries,
ensuring that each mystery is resolved to
the campers’ satisfaction. It is also highly
recommended to return to the mysteries each
day to allow campers to share what they have
learned, and ask any additional questions they
still have about the mysterious events.

The activities in this curriculum are centered
around general knowledge about the Sun, or
explore specific aspects of the mysterious events.
It is recommended to start your program’s
exploration of the events with general Sun
knowledge, then move towards the activities
that deal with the mysterious events specifically.

This camp was designed to take place over two
weeks, or ten total days of camp. This schedule
allows instructors plenty of time to fit in other
standard camp activities such as games, crafts,
and team building activities that support crucial
socio-emotionallearningduringthe program. Two
weeks also gives instructors more customization
in scheduling activities, and allows some flex
time so instructors can adapt to their camper’s
needs. Flexibility is always recommended as
best practice with working with neurodivergent
students, and all lessons and activities can and
should be adjusted to best fit the specific needs
and interests of the individual campers in the
program.

Each lesson is broken down into easily digestible
parts. We start with quick organizational
information such as: lesson objectives, duration,
materials needed, key vocabulary covered, and
any preparation that needs to happen prior to the
activity. This is also where ueful tips are located.
Every lesson is designed to be suited for many types
of learners, however some activities may have
additional tips or considerations to make when
determining how to best support your individual
campers.

The procedure lists the detailed step-by-step
instructions for leading the activity. For some
activities, pictures may be included in this section as
well. After the procedure, there may be extension
ideas to further explore this concept. Finally, each
lessonincludes an explainer on the science concepts
specifically within the lesson and any background
information that might be helpful for teaching the
activity comprehensively. At the end of the lesson,
any additional resources used within the lesson are
listed.

Additional resourcesincluding acomplete materials
list, example companion slides, and an example
camp schedule are included to support camp
implementation. These additional resourcesinclude
all fourteen activities from the curriculum guide,
many of which connect back to the Solar Mysteries.
If you choose to remove lessons, please also
remove the associated mystery card. It is important
that the campers are not left with loose ends or
mysteries they can’t solve. If you remove “Aurora
Art” or “Magnetic Fields” from the curriculum,
please remove both “Strange Red Sky” mystery
cards as well. If you remove “Power Outages” from
the curriculum, please remove the “Power Outages
in Northern Cities,” “1859 Carrington Event,”
“Electrical Blackout in Sweden,” “Power Outages
in Midwestern States,” and “Southeastern States
Experience Power Loss” mystery cards.



Activity Overview:

Students will be presented with a series of mysterious events that seem unconnected, but
all relate to increased solar activity. This is an ongoing activity that students will try to solve
throughout the camp as they learn about solar behavior.

Duration:
Preparation: e First Day: 30 min
Print and laminate mystery card sets. You'll need these e Subsequent Days: 15 min
throughout the week, so keep them in an accessible part of e Final Day: 30 min

the classroom.
00 0 0000000000000 000O0COCEOS®OSOS OO

Key Terms: Materials:

e Printed mystery cards
(preferably laminated)

e Chart paper

e Markers

e Scrap paper or notebooks

* Pencils

Corona: The Sun’s outermost layer.

Coronal Mass Ejections (CMEs): Huge bubbles of the Sun’s
plasma that are ejected from the Sun into outer space.

Solar Flares: An intense burst of radiation released by magnetic
energy from sunspots and seen as a bright flash of light.

Activity Procedure: First Day:

1. Inform the students that there have been strange occurrences
observed by NASA, and that the students are needed to look
over the events and see if they notice any connections.

2. Suggest they work in groups of 2-3.

3. Distribute the cards and give students ~10 minutes to study the Useful Tip:

images and read the stories . While working collaboratively
is encouraged for this activity,
group work can be stressful for

4. Hand out notebooks/scrap paper and pencils. Encourage
students to write or sketch their ideas and thoughts about the
cards. This can include theories, things they wonder, and things
they already know.

some learners. Therefore, it is
recommended to have extra sets
of cards available for those who

5. Guide students towards noticing the connections between the wish to work individually.

events. They should look at the dates, locations, types of events,
etc.

6. Once they have had enough time to come up with ideas, lead
a group share-out where each group discusses their thoughts,
observations, and theories. Record their thoughts on chart
paper so you can refer back to them throughout the program.
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https://docs.google.com/presentation/d/106qqenF9ZhZqTzJfOkn1g-GJtLF8IC53H4U-qm8N28c/edit?slide=id.p1#slide=id.p1

Activity Procedure: Subsequent Days Activity Procedure: Final Day

1. At the end of each day, review the solar mysteries 1. Using the knowledge taught throughout the
and update the chart paper with what they have program, review the mystery events and make
learned. sure that students can make connections between
2. Continue recording the theories and questions that increased solar activity and the recorded events.

students may have about the mysterious events.
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Important Activity Information

The Solar Mysteries activity provides the central framework for the program, and is used as a jumping
off point for all subsequent activities. This activity opens up questions that students will explore through
the remainder of the camp. To help students make connections between the activities, facilitators must
refer to the mysteries regularly, and encourage students to share their theories and thinking on the
subject.

This program is learner-directed, and the students’ curiosities and questions about the mysteries should
help shape the direction of the other activities. While other activities can be scaled down or skipped if
needed, it is recommended that this activity be followed as written to ensure that the remainder of the
activities feel cohesive and purposeful.

If activities need to be skipped, facilitators then need to consider how to best scaffold the program
so there isn’t a hole in the content. The Solar Mysteries span several topics, such as power/electrical
grid failures, satellite/GPS failures, increased auroral activity, and increased radiation. If an activity is
skipped, it is suggested that facilitators remove the mystery card that corresponds to the activity’s
topic. Ex: if the electricity activity is skipped, then remove the mystery card relating to electricity. This
will prevent confusion and frustration for the campers.

OO OO OO OO
%0000000000000000000000000000000000000000000000000000

OO OO OO OO OO0

Background Science:

The Sun is an active star with very inconsistent behaviors. Our Sun has a 22-year cycle (called the solar cycle),
during which there is increased solar activity for 11 years, followed by decreased solar activity for 11 years.

The Sun is made of active, electrically charged gas that creates a magnetic field. Every 11 years, the Sun’s north
and south poles swap, and the magnetic field flips. When areas of the Sun have particularly strong magnetic
fields, they appear darker (because they are cooler) and are called sunspots. When the Sun is more active, there
will be more sunspots and more solar activity.

Near the sunspots, the magnetic field lines move and get tangled, which can cause a sudden burst of radiation
called a solar flare. When the field lines reorganize, they produce coronal mass ejections (CMEs), which are
ejections of radiation and particles from the Sun’s outermost layer, the corona. When CMEs occur, the charged
particles race across our solar system and often find their way to Earth. These can be thought of as solar storms,
which aren’t too dissimilar from thunderstorms in our atmosphere.

When CMEs reach Earth, we experience their impact in a variety of ways. One of the most beautiful impacts of
CMEs is increased aurora activity. When the Sun’s charged particles interact with Earth’s magnetic field, a series
of events can lead to a colorful reaction in the oval band surrounding the magnetic poles. The colorful reaction is
known as the aurora. Different gases in our atmosphere react to the charged particles in different ways, creating
dancing lights in different colors. While this typically happens in the far northern (or far southern) sky, it can
happen in a much wider geographic range during periods of increased solar activity. In the late spring of 2024,
people as far south as the Galapagos Islands were able to see faint traces of the aurora.



Background Science (continued):

Another way CMEs can affect Earth is by creating power surges that our electrical grid isn’t always prepared
to handle. During some solar storms, power outages occur as the grid struggles to deal with the surge. During
the Great Carrington Event in 1859, a solar flare caused the telegram system to dramatically malfunction. Solar
storms caused sparks to jump from telegraph pylons, and telegraph papers caught on fire! While this was
almost two centuries ago, solar storms still affect our power grid, with more recent major blackouts occurring
in 1989 and 2004. Some instructors and parents may have memories of these events.

While these solar storms bring increased radiation, our atmosphere does a good job of (mostly) shielding us.
However, people traveling by airplane on certain flights and astronauts on the International Space Station may
experience sudden bursts of energetic radiation and need to take shelter for safety.

Sources:
https://www.nasa.gov/image-article/what-solar-flare/#:~:text=A%20solar%20flare%20is %20
an,last%20from%20minutes%20to%20hours.

https.//www.jpl.nasa.gov/nmp/st5/SCIENCE/cme.html#:~:text=Coronal%20mass%20ejections%20
(CMEs)%20are,scientists%20call%20%22flux%20rope. %22

https://blogs.nasa.gov/solarcycle25/2022/06/10/solar-flares-faqs/#:~:text=What%20is%20the %20
difference%20between,of%20plasma%20and%20magnetic%20field. )

https.//science.nasa.gov/sun/facts/



SpaceX Satellites

Over the past three years, SpaceX
has deployed over 2000 satellites
providing wireless high-speed internet
from space using its Earth-orbiting
Starlink network. On February 3,
2022, SpaceX launched 49 Starlink
satellites. Within 5 days, 38 of those
satellites lost altitude and burned up
in Earth’s atmosphere. The botched
launch is estimated to cost between
50 and 100 million dollars.

Halloween 2003 Satellite Malfunction

During a period of two weeks around Halloween of 2003, more than half of NASA’s
deep space and near-Earth space science missions experienced various failures. The
Solar and Heliospheric Observatory (SOHO) satellite failed temporarily and NASA’s
Advanced Composition Explorer (ACE) satellite was damaged with all the scientific
instruments needing to be shut down. Astronauts aboard the International Space
Station (ISS) had to stay inside the more shielded parts of the Russian Orbital Segment
to protect themsleves against increased radiation levels.




Mysterious GPS Failures

On December 6, 2006, a “widespread” loss of GPS in the four corners region of
New Mexico and Colorado was reported by the military. Several aircraft reported
losing GPS lock with the signal from as many as 12 satellites being dropped.

Power Outages in Northern Cities

On March 13, 1989, the electrical grid in the Canadian province of Quebec lost
power. The outages not only affected Canada, they spread to other municipalities

in the United States. New York Power lost 150 megawatts and the New England
Power Pool lost 1,410 megawatts. Electrical service to 96 utilities in New England

was disrupted. Over 200 power grid problems erupted across the U.S. within minutes
of the blackout event. Power generation reserves were quickly brought online
preventing the blackout from spreading to a wider area. In a single moment, 5 million
poeple found themselves in dark office buildings, pedestrian tunnels, and elevators.
Schools and most businesses remained closed throughout the duration of the power
outage lasting more than 9 hours in length.




Electrical Blackout in Sweden

On October 30, 2003, part of high voltage power transmission system
in southern Sweden was knocked off-line. The blackout lasted for an
hour and left about 50,000 people without electrical power.

Strange Red Sky Over the Mojave Desert

During the pre-dawn hours of
July 27, 2004, southern California
experienced strange colors in

the sky. These colors ranged

from an intense ray of red sky to
streaks of blues appearing above
a pinkish orange horizon from the
northeast.




Strange Red Sky Over Texas

On October 31, 2003, a
bizarre red glow stretched
throughout the sky as far
south as Georgia, California,
New Mexico, Arizona, Texas,
and Oklahoma.

Radiation Doses on Flights

On April 15, 2001, a commercial
flight from Frankfurt to Dallas

- Fort Worth flying 39,000

feet above sea level carried a
radiation dosimeter measuring a
sudden onset, peak, and decay
of radiation levels during the
flight. The measurement showed
a dose of ionizing radiation that
increased by a factor of 2 to 2.5
above background levels lasting
approximatley 3 hours.
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Power Outages in Midwestern States

On March 26, 2023, multiple
midwestern and northern
states experienced power
outages. Over 600,000
people were inpacted by the
blackout.
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Southeastern States Experience Power Loss

From October 10 to October

20, 2018, 1.7 million people
experienced power outages in the
United State’s southeastern states.
The hardest hit states were Virginia
and North Carolina, however six
states were affected by the loss. In
Virginia, 523,000 customers were
left without power by the second
day of this event.
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Air Traffic Control Blackout

In November of 2015,
Sweden’s air traffic control
experienced a complete
system blackout. Every
plane disappeared from
the radar screens for more
than an hour. Sweden’s Civil
Aviation Authorty closed
the country’s airspace from
travel during the outage.

. 08/21/2017
Light...Then Dark! Dubois WY
It got dark and cold in the middle of the day. The birds
stopped chirping. The Sun disappeared and came back again
a few minutes later. There were no clouds in the sky.
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Activity Overview:

Students will use a digital tool called a Helioviewer to observe the Sun and gather real NASA
data (both past and present).

Each day, the students will use the Helioviewer to observe and understand the Sun’s current
activity.

Additionally, students will use the Helioviewer to understand the Sun’s past activity. Using the
mystery cards, students will input the dates of these events into the Helioviewer and use the
data to draw conclusions for the mystery events and develop their understanding of the Sun.

Duration:
e First Day: 30-40 min
e Subsequent Days: 20 min

Preparation: e Final Day: 30 min
® On each laptop, open an internet browser and enter
Studenthel’ov’ewerorg 00 00000000000 OCOCEOGOEOGOEOGNOGOOGOEONOEOIOOOIO
* Bookmark the website on the browser .
Materials:
e Laptops (or any device with
Key Terms: internet connection)
Corona: The Sun’s outermost layer. e Paper
Coronal Mass Ejections (CMEs): Huge bubbles of the Sun’s plasma e Pencils

that are ejected from the Sun into outer space. .
e Colored pencils

e Suggested Worksheet or use
your own journal or notebook
for sketching

Solar Flares: An intense burst of radiation released by magnetic
energy from sunspots and seen as a bright flash of light.

Sunspots: Areas of the Sun that appear darker because they have a
stronger magnetic field and are cooler compared to other locations
on the solar surface.

0000000 OCEOEOGEOEOEOEONOEOEONOEONOEEOOOPOPO
Active Regions: Areas on the Sun with large concentrations of

magnetic fields. This is where solar activity (solar flares, CMEs) can

occur.

Useful Tip:
Since this activity occurs each day, the timing can be
flexible. Depending on student needs, it can be helpful

to provide transition time after specific activities (such as
lunch or outdoor play) before using the laptop.

13


https://docs.google.com/document/d/1rPwq6TPePO0kuY4bkNwVArpRU1mzQLw9l_NCHrcpSpg/edit?tab=t.0
https://student.helioviewer.org/

Activity Procedure (Daily Viewing):
1. Explain that students will use the Helioviewer to examine data collected by NASA instruments.

2. Working in pairs, students will open the Helioviewer and observe the Sun’s current activity. Ask students what
they notice about the image of the Sun?

3. Allow a few minutes for the students to explore the site. Under “Make an Observation,” they can click through
the dropdown menu to use different filters to view different features and physical properties of the Sun.

4. Instruct students to select “Sunspots” in the “Make an Observation” dropdown menu. Encourage them to
sketch the location of the sunspots on their worksheet.

5. Encourage students to examine the data they collected with the Helioviewer. Did they notice anything on or
near the sunspots?

Date | 2024/12/23 || 14:46:01 |UTC (@O NEWEST

Time Step | 1 pay v OO

Make an

R e o Flares and Active Regions
1

Eruptions and CMEs
Magnetic Field
Coronal Holes

~  Sunspots

—_——

Activity Procedure (Past Data with Mystery Cards):
1. Explain that the Helioviewer can display historic data as well as current data.

2. Challenge students to enter the dates of the mysterious events on the mystery cards.
into the “Date” box on the Helioviewer. What do they notice about the Sun’s activity?

Dat 2024/12/2 | 14:46:07 |JTC (® NEWEST)

Time Step 1 Day v GO

s (@ meron
Observation | —

3. As students explore the different dates, ask them if they notice any patterns.
4. Encourage students to share their discoveries or theories as to what is causing the mysterious events.

5. Explain that they will gather more data and information throughout the program, and that it’s ok to be
uncertain about their theories.

6. Add theories and questions to the solar mystery chart paper.
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Activity Procedure (Final Day):
1. Review collected data from the Helioviewer.

2. Connect the data to the mysterious events.

Extension ldeas:

If students are confident with the Helioviewer and would like to use
advanced features, they can visit the www.helioviewer.org webpage.

Important Activity Information

The Helioviewer contains data from 1950-Present. Some of the dates on the mystery cards
are older than 1950, so students will not be able to view data from those dates. Be sure to
give students a heads up about this.

Background Science:

The student Helioviewer is an interactive tool the learner can use to access NASA’s data about the Sun and its
features including solar flares, magnetic fields, sunspots, and CMEs. The data are collected by spacecraft and
solar telescopes such as NASA’s Solar Dynamic Observatory (SDO), the joint ESA/NASA solar and Heliospheric
Observatory (SOHO) and others. The Helioviewer can be used to study the Sun’s activities currently or dating
back to a few decades in the past. The data can help scientists study the Sun’s solar cycle and predict solar
storms that can affect our communication, cause power outages, and auroras on Earth.

Additional Resources:

If you have a Sunspotter at your museum or organization you can use it to observe the Sun and the sunspots as
well. See example here: https://www.fishersci.com/shop/products/sun-spotter-telescope/S01384

If you are interested in building your own sunspotter, check out our High School Solar Science curriculum and
click on “Session 2”

Sources:
https.//science.nasa.gov/get-involved/citizen-science/be-a-solar-active-region-spotter/

https://science.nasa.gov/learn/heat/resource/student-helioviewer-solar-data-
interactive/#:~:text=A%20student%2Dfriendly%20interactive %20with, fields%2C%20sunspots%2C%20
and%20CMEs.
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te Solar System Model o

Activity Overview:

Students will be able to describe and demonstrate how the Moon and Earth interact as

they orbit the Sun.

Preparation:
e Create an example

e 2. Pre-cut the paper strips. You’ll need one 8-inch and one
16-inch strip per student (which can also be two 8-inch strips
taped together)

Key Terms:

Orbit: A repeating ellipse-shaped path that one object in space
follows around another object in space.

Planet: To be considered a planet in our solar system, a celestial
object must do three things: Orbit around the Sun, have enough
mass that gravity makes it nearly spherical, and clear away other
objects in its orbit.

Star: A hot, glowing ball of gas.

Sun: The large star at the center of our solar system.

Satellite: An object that moves (orbits) around another object.
Moon: Earth’s only natural satellite.

Solar Eclipse: When the Moon passes between the Sun and the
Earth.
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Duration: 45 min

Materials:
e Large paper plates (~9 inches)
e Small paper plates (~6 inches)

* Moon template printed on
cardstock

e Coloring supplies (ex: crayons,
markers, etc)

e Scissors

e Brass fasteners

e Push pin

e Long paper strips (~16in; ~ % in
thick)

e Short paper strips (~8in; ~ % in
thick)

e Optional: hole punch

e Optional: Something to trace a
small circle with

Useful Tip:
Some students may struggle with
fine motor skills and will need help

pushing the brass fastener through
the paper plates.



https://docs.google.com/document/d/1khDAmixBxkFSIIJOvRiD2TbtjVDugBK8jUDxJyXI84U/edit?tab=t.0

Activity Procedure:

1.

Introduce the activity by explaining that each student is going to make their own model of the Earth,
Sun, and Moon. This model will demonstrate how the Moon moves around the Earth, and how the
Earth moves around the Sun.

. Show them an example and explain that there is a term used to describe how objects move around

each other in space. Guide students towards identifying the terms “orbit” and “satellite”.

. Distribute a large paper plate to each student, explaining that it is going to be the Sun. Let them

color and decorate the Sun. They can make it look like our Sun, or invent their own sun.

. Distribute a small paper plate to each student, explaining that this is going to be the Earth. Let them

color and decorate the Earth. They can model it as our Earth, or invent a planet.

. Lastly, distribute another small plate to each student and explain that it is going to be the Moon.

They can model it as our Moon or create their own moon. Let them color and decorate the moon.

6. Use a pushpin to poke a hole through the center of each template (sun, moon, planet)

7. Poke a brass fastener through the hole in the planet. Attach it to the short strip of paper

8. Use another brass fastener to attach the moon to the other end of the short strip (The order is

important! You need to attach the planet first for the eclipse effect)

. Using the long strip of paper, use a brass fastener to attach the planet to one end and the sun to the

other

10. Check your work! The planet should rotate around the sun, and the moon should rotate around the

planet. The moon should come between the planet and sun when it rotates

11. Encourage students to move the celestial bodies around. Ask what they notice happening?

12. Demonstrate how an eclipse occurs by aligning the moon, sun, and planet in a straight line (in this

order)

13. Optional: Let students present or share about the solar system they created

Extension Ideas:

If students designed their own solar system, let them share about what they created and why.
Encourage them to think about what they know about celestial bodies. Ex: If the sun is blue, what
would that mean? How would that impact their planet?

Background Science:

Due to the pull of gravity, the Earth orbits around the Sun, while the Moon orbits around Earth. Even though our
Sun is approximately 93 million miles (150 million kilometers) away, we feel its effects every day and depend on
it for light and heat. Occasionally, the Moon passes between the Sun and Earth, and blocks the light of the Sun
from reaching the Earth. This phenomenon, called a solar eclipse, can make it (briefly) dark on Earth during the
middle of the day. When the Moon blocks part of the Sun, it’s called a partial solar eclipse, and when it blocks

the entire Sun, it’s called a total solar eclipse.

Sources:
https.//spaceplace.nasa.gov/all-about-the-sun/en/

https.//spaceplace.nasa.gov/eclipse-snap/en/)
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Activity Overview:

Students will use clay and clay tools to create a 3D model of the Sun that depicts the Sun’s
layers.

Duration: 40 min

Preparation:
Materials:

* Play-doh, Model Magic or
modeling clay of a variety of
colors

e Clay tools (rollers, etc)

e Plastic knife

® Paper plates

e Information Slides (22-29)

e Create an example of a complete model so that students can
visualize the activity

e For each layer, display a corresponding slide that includes
- An image of the layer
- The name of the layer

- A one-sentence description of the layer

Key Terms:

Core: The hot and dense center of the Sun where energy is generated

through nuclear reactions.

Nuclear Fusion: Occurs when the pressures and temperatures in the core of a star cause hydrogen
atoms to collide with so much force that they fuse into helium. Fusion reactions release energy
and create additional particles in chain reactions that can steadily release energy for billions of
years.

Radiative Zone: The layer of the Sun where energy is slowly transported outwards as radiation.
Radiation: The electromagnetic radiation emitted by the Sun (for example, light).

Convective Zone: The layer of the Sun where energy moves outwards through convection currents
(bulk transport of matter).

Convection: A type of energy transport that generates magnetic fields as hot bubbles of gas rise
towards the surface while cooler bubbles of gas fall towards the core (think of a boiling pot of
water on a stove).

Photosphere: The deepest layer of the Sun that is directly visible and that emits the most visible
light. This is what we see from the earth using special Solar telescopes or Sunspotters so that we
can safely look at images of the Sun with our eyes.

Chromosphere: A thin layer of the Sun that is made of plasma and appears red, which becomes
visible during a solar eclipse.

Plasma: Extremely hot, ionized gas that constantly moves and generates magnetic forces and
radiation.

Corona: The outermost layer of the Sun that is visible during a solar eclipse, the corona consists
of million-degree gas that emits X-rays.
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https://docs.google.com/presentation/d/1dBz00LdCThW0r345wvP3LPu54HomWR2bbqigqlCnZCE/edit?slide=id.p#slide=id.p

Useful Tip:
o If students with sensory differences dislike
touching Play-doh, it can be helpful to either:
¢ Have disposable gloves available
e Partner them with a student who doesn’t
mind touching Play-doh

e Print the visual guide as an option for
students to follow along at their own pace.
[Layers of the Sun Visual Guide pdf]

Activity Procedure:

1.

Have students select 6 contrasting Play-doh colors. This is important because each layer of
the Sun needs to be identifiable.

. Tell students to choose their first color and roll it into a ball. The will represent the core,

which is the center of the Sun. The core is extremely hot and dense, and is where nuclear
fusion occurs.

. Tell students to choose their second color. Flatten this dough on the table using two hands

or aroller. Place the core in the center of the flattened dough, and wrap the flattened dough
around the core. They can roll their dough ball on the table to smooth it out. They should
have a slightly bigger dough ball with only the second color showing. Explain that this layer
represents the radiative zone, which is where energy is transported via radiation (light
energy).

. Have students select their third color, and repeat step 3. They should flatten this layer and

wrap it around the ball. Explain that the third layer is the convective zone. This zone is
where energy is moved via convection (bulk matter transport).

. Instruct students to create a fourth layer using the same method. Explain that the fourth

layer is the photosphere, which is the visible layer of the Sun.

. Repeat the same process to create the fifth layer, which is the chromosphere. Explain that

the chromosphere is shaped by magnetic field lines that work to hold in the Sun’s plasma
(ionized gas).

. Lastly, have the students create the sixth and final layer, the corona. Explain that the

corona is the layer of the Sun that is visible during the eclipse.

. By now, students should have a large ball of dough that contains 6 layers of different

colors. This represents our Sun.

. Give students a plastic knife and instruct them to cut their Sun in half, revealing the

different layers.

10. Now that they can see each layer, go back and name each layer, reminding them that

each layer of Play-doh represents a layer of the Sun. Explain that knowing the different
layers will help them with tracking information and solving the mysteries.

19


https://drive.google.com/file/d/139jBZWRq-I2C7z_lci1eaz8d-AFmathH/view

Background Science:

The Sun is composed of six distinct layers. The Sun’s energy is produced in its core, then moves outwards through
the other layers (radiative zone, convective zone, photosphere, chromosphere, corona).

The core is the central region of the Sun. It is also the hottest region of the Sun. In the core, the Sun’s energy is
produced via nuclear fusion, where hydrogen fuses to form helium. This process produces a lot of energy, and is
what ultimately provides us with heat and light.

Leaving the core, the energy first reaches the radiative zone, where the energy moves outward via radiation. It
takes more than 177,000 years for energy to move through the radiative zone due to interactions between the
solar plasma and light.

Next, it reaches the convective zone, where convection currents take over and physically transport the Sun’s
energy to the photosphere. This is the last layer of the inner zone of the Sun.

Next, energy reaches the photosphere, which is the first layer of the outer zone of the Sun, which is also known
as the Sun’s atmosphere. The photosphere is the visible part of the Sun (i.e., the layer from which we see light).

Above the photosphere is an irregular layer called the chromosphere, which is made of a thin layer of plasma.
Magnetic field lines on this layer help hold the Sun’s plasma in place, even though it can break out and leave the
surface during coronal mass ejections.

The last layer is the corona, which can only be viewed by the human eye during a solar eclipse. X-rays from the
corona can be seen from the Sun at other times, using special X-ray detectors on satellites or rockets that are
launched above the Earth’s atmosphere

Additional Resources:

Information slides and add “beginning at slide 22”
How to Make a Sun Model: https://www.twinscience.com/en/blog/how-to-make-a-sun-model/

Sources:
https.//spaceplace.nasa.gov/sun-heat/en/#:~:text=This%20process %E2%80%94called%20nuclear%20
fusion,area%20called%20the%20convective%20zone.

https://solarsystem.nasa.gov/genesismission/science/module4_solarmax/structured_sun.html!
https://solarscience.msfc.nasa.gov/interior.shtml|

https.//www.nasa.gov/image-article/layers-of-sun/#:~:text=The%20inner%20layers%20are%20the, Transition%20
Region%20and%20the%20Corona.

https://www.nasa.gov/image-article/anatomy-of-sun/
https://www.nasa.gov/image-article/sun/
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Indirect Light

Activity Overview:

Students will explore how the Earth’s tilted axis causes different seasons. Using a model of
the Earth and a flashlight, students will explore how direct sunlight transfers more energy

than indirect sunlight

Preparation:

e Plan to run the activity in a dimly lit area. This will ensure that

the light from the flashlight will be visible.
¢ Inflate the inflatable Earth globes ahead of time.

Key Terms:

Axis: An imaginary straight line that runs through the
Earth from “top” to “bottom.” The Earth spins around
its rotation axis.

Tilt: Long ago, a large object crashed into the Earth
and knocked it off-kilter. As a result, the Earth’s
rotation axis is tilted 23.5 degrees. This tilt is what
causes the seasons.

Duration: 20-30 min

Materials:

e Farth, Sun, and Moon model
(this can also be created using
Activity 3: Paper Plate Solar
System Model)

e 1 tilted globe with a stand
e 8 flashlights

¢ 8 globes or inflatable Earth
globes

e Sticky note flags

0 0000000000000 0OCOIFOGIOGOOGIOIOGINOGEOGEOEOSNEOSEOGEOGEOSNEOEOFOS
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Orbit: A repeating ellipse-shaped path that one object in space takes around another object in space.

Equinox: An event that occurs twice a year when the Sun crosses the Earth’s equator. When this occurs, the

lengths of day and night are approximately equal.

Solstice: An event that occurs twice a year when the Sun reaches its highest or lowest point in the sky at noon.
This causes the longest or shortest daylight hours of the year (in opposite hemispheres).

Equator: An imaginary circle around the Earth that divides it into two halves
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https://www.wardsci.com/us/en/product/28636227/eisco-illuminated-sun-earth-and-moon-orbital-model
https://www.globestore.com/explorer-globe-by-replogle-p/30501.htm?gclid=Cj0KCQiA2oW-BhC2ARIsADSIAWoP6_fPrxOtLWfLnWxZiyla7P0fDCAEKINu1wGG0zwJ-R4scqVvi7IaAsE1EALw_wcB&gad_source=1
https://www.amazon.com/Pangda-Inches-Inflatable-Globe-Material/dp/B075FRM4QN/ref=sr_1_1_sspa?crid=3VBZPP077X01S&dib=eyJ2IjoiMSJ9.DrIhqpok19JNn_fUHpTuOc7oPqAup0ow6iDCyXMoWq1zLNeFwb0eLdIbRKst2uFLJT5DoOUqxGB5I-MboDtQz6x4RBA48rEsE3w-JxUq_Ab97ZxA_sHbtWhXEE8AG56aW6Ss_dqamjBY3TQqwlcrBlt8Pjv2A5vamIH2CmMfcbRxRABO9ooXmf7f_fk9_QJwBXGPYilORn5Ax_NPOcL6kBp0Xy2cFNbT9ThZAmVCk5QuFSP7a0ll-KEOTXB3uFt03uyANJNBUzthZ9i7arnb9fYUCbuIDtjs-gL1LlzC1Pc.J5dRqKWTMgTODDy2QUJam9wX0ova-kExAZnal2HQo2A&dib_tag=se&keywords=Earth%2Bbeach%2Bball&qid=1741010560&sprefix=earth%2Bbeach%2Bball%2Caps%2C108&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1&psc=1
https://www.amazon.com/Pangda-Inches-Inflatable-Globe-Material/dp/B075FRM4QN/ref=sr_1_1_sspa?crid=3VBZPP077X01S&dib=eyJ2IjoiMSJ9.DrIhqpok19JNn_fUHpTuOc7oPqAup0ow6iDCyXMoWq1zLNeFwb0eLdIbRKst2uFLJT5DoOUqxGB5I-MboDtQz6x4RBA48rEsE3w-JxUq_Ab97ZxA_sHbtWhXEE8AG56aW6Ss_dqamjBY3TQqwlcrBlt8Pjv2A5vamIH2CmMfcbRxRABO9ooXmf7f_fk9_QJwBXGPYilORn5Ax_NPOcL6kBp0Xy2cFNbT9ThZAmVCk5QuFSP7a0ll-KEOTXB3uFt03uyANJNBUzthZ9i7arnb9fYUCbuIDtjs-gL1LlzC1Pc.J5dRqKWTMgTODDy2QUJam9wX0ova-kExAZnal2HQo2A&dib_tag=se&keywords=Earth%2Bbeach%2Bball&qid=1741010560&sprefix=earth%2Bbeach%2Bball%2Caps%2C108&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1&psc=1
https://www.amazon.com/Golcellia-Fluorescent-Translucent-Sticky-Markers/dp/B0997ZH3Z4/ref=sr_1_4_sspa?dib=eyJ2IjoiMSJ9.l5pGmd94jSXaRrtRy-eWUAJvIAx96GWq3bAo5JBeMWgpY_l00ozH6F0MW8v_yZgHwrJ4t0SYjKhD0VVZU9am6ynUsInQzUKLmIth2I12OQ7FMTTSuckSSPXOKbLBIhtipQrPZJ_dM9MYnD_yQ5AIhCH06StSclWPalFNT6oKGtkya4WVjOu_mwLOAeyF5rbQ-hmAP9mBWhSaVFho_jFGYtEe0cxumBrMoyU45xKQTREWAob_I2n4zKPJ_aq14ZOkWrQdEWYDp6BP0OqMD-qOFmI6I8nv8JmSyRseWuF9aeo.2LmtUKPe5XukNT2zOmoVIithEniLgNvSx7aP_b6UJMI&dib_tag=se&hvadid=695270372338&hvdev=c&hvexpln=67&hvlocphy=9004338&hvnetw=g&hvocijid=17471911309388996043--&hvqmt=e&hvrand=17471911309388996043&hvtargid=kwd-296281581086&hydadcr=22796_13493752&keywords=sticky%2Bflags&mcid=952884c0766b3d7dbe9d5bd372172394&qid=1756305052&sr=8-4-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

Hemisphere: The top and bottom halves of the Earth divided by the equator. The top half is the Northern
Hemisphere and the bottom half is the Southern Hemisphere.

Direct Sunlight: Sunlight that is concentrated on a small surface area because the beam of light hits the
Earth head on.

Indirect Sunlight: Sunlight that is spread out over a larger surface area because the beam of light hits the
Earth at a tilted angle.

Useful Tip:
Activity Procedure: Some participants may find bright
light or sudden changes in light
overwhelming. Prepare students for
this ahead of time, and remind them

1. Begin by asking students the following questions:

a. What causes our seasons?

b. Can you name the different seasons? they can look away or close their
c. Why do you think it’s hotter in the summer and colder in eyes if needed. It may help to have
the winter? sunglasses available. Some students
may want a heads-up before the
2. Elicit some answers and show Image 1. Explain that they are flashlight is utilized.

going to explore what causes the different seasons.

3. Use the model of the Sun, Earth, and Moon
to show the position of the Sun in relation to
the Earth, and demonstrate how the Earth
revolves around the Sun. Ask students what
they notice about the Earth?

4. Demonstrate that the Earth is tilted
approximately 23.5 degrees by showing the
globe on an axis. Explain that the Earth remains
tilted throughout the year as it orbits around
the Sun. (Show Image 2.)

5. Explain that the Earth’s tilt causes the Sun
to shine directly or indirectly at the Earth at
different times of the year.

6. Using the globe, show students how the Earth
is divided by an imaginary line called the
equator into two halves called the Northern and
Southern Hemispheres

7. Point to where your city is located on the globe.
Place a marker such as a sticky note to point
where you are on the globe. This example points
to New York City in the Northern Hemisphere.

8. Explain that you will demonstrate how sunlight
is distributed (for this example- in New York City)
during the four seasons. Explain that a flashlight
will represent the Sun.
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a. During Winter, the Northern Hemisphere is tilted away
from the Sun, receiving less intense sunlight as the light
spreads out over a larger area. We call this Indirect
Light. Shine the flashlight towards the globe and
notice how light spreads out. Compare the light at the
center of the beam (which should be on the Southern
Hemisphere) with the light that reaches the Northern
Hemisphere

b. During Spring and Fall, both hemispheres receive
equal amounts of sunlight as the light has the same
intensity. Shine the flashlight on the Equator. Most of
the concentrated light should be on the Equator, we
call this Direct Light. Compare the light that reaches
points in the Northern and Southern Hemispheres that
are the same distance from the equator. The Indirect
light should be the same at these places because the
angle between the center of the flashlight beam to
each point is the same for each hemisphere.

c. During Summer, the Northern Hemisphere is tilted
towards the Sun receiving more intense sunlight (Direct
Light). Shine the flashlight towards the globe and
notice how the light is concentrated on the Northern
Hemisphere.

9. Distribute flashlights and an Earth beach ball to groups
of students. Encourage them to take turns shining the
flashlight on the Earth beach ball to demonstrate direct
and indirect sunlight on the Northern Hemisphere, which
will simulate the different seasons. Repeat and follow
steps 8 to guide students on shining the flashlight on the
globe.

10. Allow participants to explore different parts of the world
at different times of the year. For example, when it is
summer in the Northern Hemisphere, what season do
countries in the Southern Hemisphere experience?
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Background Science:

The energy received on any portion of the Earth is a fraction of the total energy that comes from the Sun. Because
the Earth is a sphere and is tilted, areas tilted away from the Sun receive less intense (indirect) sunlight, which is
sunlight that is spread out over a larger surface area. Areas that are directly facing the Sun receive more intense
(direct) sunlight, which in turn causes warmer weather. Whichever hemisphere is facing towards the sun during
the course of the Earth’s orbit will receive more of the sun’s energy throughout the day. This happens during
summer time in New York, thus making our days hotter. At the same time, places in the southern hemisphere will
receive less intense sunlight thus making the days feel colder, and will be experiencing winter.

Additional Resources:

Aphelion (farthest from Sun)

Around July 5

Why do we have seasons? RS

94,500,000 miles

Earth

|
o
T

91,400,000 miles

/
/ Earth's
Orbit

-

Perihelion (Closest to Sun)

d Jonuory 4

Misconconception Alert:

Students may think the Earth is closer to the Sun during summer time in New York but
in fact we are actually closer to the Sun during the winter time. Use the image above
to show how far away the Earth actually is during the months of July and January.

Sources:
https://spaceplace.nasa.gov/seasons/en/.

https://earthobservatory.nasa.gov/blogs/eokids/wp-content/uploads/sites/6/2019/04/16_SunSeasons-508.pdf
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Session 6: Maghﬁtic Field§ p

Activity Overview:

Students will use a tool called a magnetometer to explore the difference between the
Sun’s magnetic field and the Earth’s.

Duration: 30 min

Preparaﬁon: 00 0000000000000 000O0OCOCOCGEOGFOSNOISIPS

e Use an x-acto knife or blade to make an incision in the foam
Earth model. Insert one bar magnet so it is alighed with the
Earth’s poles.

Materials:

e Foam Earth models

e Handmade magnetometer

* Bar shaped rare earth magnets
e Standard circle magnets

e Large bowls

* Tape

¢ Paperclips

¢ Pencil

¢ Push pin

Handmade magnetometer visual guide:

Bar shaped magnets. Can
be combined if needed.

Put a piece of tape at the pole Make an incision in the foam Insert one bar magnet
Earth model
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https://www.amazon.com/gp/product/B0BCFV3RW7/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1

* To create a model of the Sun’s magnetic field, tape the circle magnets at random points
inside your large mixing bowl (if your bowl is metal, you can just let the magnets use their
magnetism to stick without the tape). The Sun’s magnetic field shifts and changes constantly,
creating random spots of stronger magnetism, so there really is no set pattern or number of
magnets you need to use. When you're satisfied with the number and placement of magnets
on your Sun, flip the bowl over face down so that it creates a dome with the magnets hidden
on the underside.

=i
T
=

e Create a magnetometer using a pencil, paperclip, and pen

- Stick the pin in the pencil eraser
- Bend a paperclip around the pin so there are two “wings”

Handmade Magnetometer

Key Terms:

Magnet: A material or object that produces a magnetic field. This field is invisible, but produces a force called
magnetism. Ferromagnetic materials such as iron can be magnetized permanently, creating areas where the field
is stronger. These areas are called poles: like poles repel each other while opposite poles attract each other.

Magnetic Field: The area around a magnet that has magnetic force (strength and direction).

North Pole: On Earth, the North Pole is a South magnetic pole. It is attracted to the North pole of a magnet.
South Pole: On Earth, the South Pole is a North magnetic pole. It is attracted to the South pole of a magnet.
Magnetometer: A device that measures the strength or direction of a magnetic field.

Sunspots Large, dark regions on the Sun’s surface that are caused by increases in the Sun’s magnetic field, and
are cooler than the solar surface.

Useful Tip:
Group work can be stressful for
certain types of learners. While

working together is encouraged,
prepare to have extra supplies for
those who choose to work alone.
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Activity Procedure:
1. Begin by asking students what they already know about magnets.

2. Hand out the Earth models and magnetometers. Ask students to use the magnetometer to explore where the
Earth model has the strongest magnetism.

3. Make sure students understand that the magnetometer feels the strongest attraction at the poles (the top and
bottom of the model). This is the same on our planet. The Earth is a giant magnet, and the magnetism is the
strongest at the top and bottom of the planet (the North and South poles.)

4, Distribute the Sun models. Ask students to use the magnetometers to explore where the Sun has the strongest
magnetism.

5. Students should notice that strong areas of attraction are found in random spots on the Sun (and not at the
poles). This is a model of how our Sun’s magnetism works.

Background Science:

Magnets are objects that create a magnetic field. This field has a North pole and a South pole, which are the
strongest parts of the field. Some magnets occur naturally, and others can be created using electricity. Everything
in the world is made of atoms, and atoms are made of charged particles (protons and electrons). Electrons (which
are negatively charged), orbit around an atom’s nucleus (center), creating a small magnetic field, and also have
intrinsic magnetism called spin (that can be visualized as the electron spinning around its own axis. However,
spin is really a quantum property.) In most materials, electrons travel in pairs that spin in opposite directions,
which essentially cancels out the magnetic field. This is why most materials aren’t magnetic, despite being made
of charged particles. However, certain materials have unpaired electrons that spin in the same direction, keeping
the magnetic field intact. For example, iron has four unpaired electrons that can spin in the same direction and
align along North-South lines, creating a magnetic field which is persistent.

The Earth’s magnetic field comes from its molten core. The lead in the core moves and creates magnetism.
The magnetic field on Earth is shaped like a bar magnet, where the magnetism is the strongest at the top and
bottom on the planet. On occasion, the North and South poles flip. The last pole reversal occurred approximately
770,000 years ago.

The Sun’s magnetic field works very differently than the Earth’s. It regularly shifts and changes, with the strongest
points appearing and disappearing across the surface. NASA scientists do not know exactly where the Sun’s
magnetic field is created. The Sun is made of plasma, which is full of charged particles. As these particles move,
they continuously create magnetic fields. Scientists can study these shifting magnetic fields with EUV (Extreme
Ultraviolet) images as well as X-ray images.

Sources:
https://www.nasa.gov/science-research/heliophysics/nasa-understanding-the-magnetic-sun/

https://spacemath.gsfc.nasa.gov/magnetism/magnetism.html#:~:text=The%20answer%20has%20to0%20do,call%20
these%20invisible%20influences%20FIELDS.

https.//www.nasa.gov/wp-content/uploads/2020/08/parent_activity_manual_-_its_magnetic_v1.0.pdf?emrc=1288de
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Activity Overview:

Students will create bracelets using beads that change color when exposed to ultraviolet
(UV) light. Students will understand that even though humans can’t see UV light, it still
affects us. Additionally, students will explore how certain telescopes can detect UV light,
which allows scientists to learn more about the Sun.

Duration: 45 min

Preparation: .
¢ Print out copies of the electromagnetic spectrum, images taken Materials:
by the Hubble Telescope, and worksheets. e UV Beads

Where to Purchase:
Carolina Biological
Arbor Scientific

e Black light or UV Flashlight

e Pipe cleaners

e Regular plastic beads

* Images of the Electromagnetic
Spectrum printout

e Worksheet to test UV beads
printout

e Pencil

Key Terms:

Electromagnetic Spectrum: Electromagnetic energy travels in waves
of many lengths. These waves exist on a spectrum from short waves
(such as gamma rays) to long waves (such as radio waves). NASA has
instruments capable of detecting different parts of the spectrum,
covering the entire range. We can see visible light waves, which are
about 400 to 700 nanometers (a nanometer is 1 billionth of a meter!)

Wavelength: The length of a single wave. Long waves (like radio
waves) can range from meters up through kilometers. Short
waves (like X-rays and gamma rays) have wavelengths ranging from
nanometers to as short as femtometers.

Ultraviolet (UV): A type of light with shorter wavelengths than visible light. UV waves are invisible to humans,
but can be harmful (e.g., causing sunburn). Near-ultraviolet light has wavelengths very “near” to violet visible
light, but slightly shorter.

Infrared waves: Light waves slightly longer than visible light waves. They range from near-infrared that is
used in remote controls, to far-infrared which can be sensed as heat. Near-infrared light has wavelengths
very “near” to red visible light, but slightly longer.

Solar Dynamics Observatory (SDO): This spacecraft was launched in February 2010. Its purpose is to study
the Sun and explore how solar activity is created, and how it drives space weather.

Hubble Space Telescope: This space telescope was launched on April 24, 1990 to Earth’s low orbit to explore
the universe in visible, ultraviolet, and infrared wavelengths.

White Light: Another term for visible light. This contains all the colors of the visible light spectrum, and can
be split into individual colors with a spectrometer or prism. Typical lighting sources use white light.
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https://www.carolina.com/solar-energy/solar-energy-beads-pack-of-1000/956209.pr?question=UV+Beds
https://www.arborsci.com/products/uv-beads-package-of-1000
https://www.amazon.com/Lepro-Flashlight-Ultraviolet-Invisible-Batteries/dp/B00GU55270/ref=sr_1_2_sspa?crid=UZITUZP60OE4&dib=eyJ2IjoiMSJ9.EE7u9TpzAOTaoIvzlK8nuRaEhnIp6i0G8Hs61PLKW3SBWJT1IXpTaCNC7s-_e-79aEq5hNXybmDHHrLqcc3XGu19Cquyvmk-o9FO32BesTfeXZGsuoHdDh6FZg-oP-0qIlSfOCcZQzwm8HpxmSqeY-fxp8NYpc9kcqimFX36UvRACNTeJhJdi2tNnY_Vmpjk6C_Ln8ONbngC_UO1-sTUIEpZMctIA3FgJ3XskgCvtW-U6qUBYtnHeMLmWZKfZ3tqEa3J2C98sIloZd6ELnj9_uLyvbKJWjE6KTucL1KT48U.e_TIeXSG3gMJOx5a4IJ3aCC6ANsrs2z4WSzwOfFomaE&dib_tag=se&keywords=Black%2Blight&qid=1741035581&sprefix=black%2Blight%2B%2Caps%2C95&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://drive.google.com/file/d/1IZxT2S4YKBMj2meIfrXlnl4oY2b_GG2l/view
https://drive.google.com/file/d/1IZxT2S4YKBMj2meIfrXlnl4oY2b_GG2l/view

Useful Tip:
The light might be too bright for students with light sensitivity. Prepare

them in advance for this possibility, and explain they can look away or
close their eyes if they want. You may also want to provide sunglasses.

Activity Procedure:

1. Show students the image of the Electromagnetic Spectrum and explain that ultraviolet
light has shorter wavelengths than visible light. Explain that our eyes cannot detect this
wavelength, even though some insects can (like bumblebees).

infizared /‘/\Jrr'o;v.xw

1. 5><10
Wavelength (Meters)

A |

2. Show students the image of the Sun from the SDO and explain that special telescopes can detect UV
waves and use them to create an image of the Sun for astronomers and scientists to study.

Visible
Ultra- . .
Gamma  X-ray violet l Infrlgud Microwave Radia
L b 3 s 1 0 (uv]

Thermosphere
{auroras)

Mesosphers

(metecrs bum up)
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(ozone layer at 20-30
km; jets fiy at 10 km)

Troposphens
{weather)

= ATMOSPHERE

Radio "window™

3. Introduce the UV beads and explain that the beads will appear white under white light.
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4. Introduce the Hubble Space Telescope to participants by showing the image of Hubble and the range
of wavelengths it can detect.

Wavelength
e N VAVAVAVAVAVAVAVAATA AV

1 meter 1micron 10nm  01nm 0.01nm

Radio X-ray CElE!

Nanometers (nm)

https://science.nasa.gov/mission/hubble/science/science-behind-the-discoveries/wavelengths/

5. Hand out the images of the Eagle Nebula and Saturn from the Hubble Space Telescope taken using
Visible, Infrared, and Ultraviolet light. Ask the participants to compare the images taken by the telescope

Saturn using visible light Saturn using ultraviolet light

-
&
. X

Eagle Nebula using infrared light

L

Eagle Nebula using visible light

https://science.nasa.gov/mission/hubble/science/science-behind-the-discoveries/wavelengths/
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6. Distribute 6 UV beads and 6 regular beads to each student.

7. Encourage students to use the UV flashlight to shine light directly on the beads. Observe what happens
to the color of the beads.

8. Explain that students can make their own wearable UV detectors by making bracelets with the UV beads.

9. Give each student a pipe cleaner and have them thread the beads through it. They can create patterns or
design their bracelets. Once finished, they can twist or tie the ends of their pipe cleaner.

10. Hand out the worksheet and let students test out their UV bead bracelets when shielded by different
materials. Using the UV flashlight, place the beads either: behind a piece of paper, behind sunglasses, or
in a ziplock bag with different types of sunscreen on the outside of the bag.

Background Science:

The Sun emits many different wavelengths of light, while our eyes can only detect visible light. However,
telescopes allow us to see a wider range of wavelengths, including ultraviolet (UV) light. Ultraviolet light waves
are shorter than visible light waves. Even though we cannot see UV light, it affects our health. While UV light can
cause sunburn and other health issues, it also provides us with necessary vitamin D. Fortunately, most harmful
UV rays are absorbed by the ozone layer in Earth’s atmosphere.

UV detecting beads are a great (and low cost!) way to detect the strength of UV rays. Some days UV rays are
brighter than others, and the beads can help tell us how much protection we need from the Sun. When not in
UV light, the beads will appear clear. When exposed to UV light, the beads will change color, with brighter colors
indicating higher levels of UV. The polyethylene beads are embedded with a chemical called a spirocompound,
which reacts with UV light. This reaction causes a molecule to break and rotate, changing the way light is absorbed
and reflected. The light reflects back to our eyes at a longer wavelength, which luckily is in the visible range.

The Hubble Space Telescope orbits above the Earth’s atmosphere, where it collects UV radiation from space.
It collects 40,0000 times more light than the human eye which allows astronomers to study details of faint
objects in space. The Hubble Space Telescope has mirrors to collect light and instruments that include cameras
and spectrographs to interpret the collected light. The cameras can see different kinds of light: near-ultraviolet,
visible, and near-infrared while the spectrograph splits the light into its individual wavelengths. Ultraviolet light
comes from the hottest, largest, and youngest stars. Astronomers observe ultraviolet light to see which galaxies
are forming stars and where the stars are forming within those galaxies. Ultraviolet observations can also help us
determine the composition of the atmospheres of planets beyond our solar system.

Sources:
https://imagine.gsfc.nasa.gov/educators/lessons/xray_spectra/background-spectroscopy.html

https://science.nasa.gov/ems/10_ultravioletwaves/

https://science.nasa.gov/mission/sdo/
https://www.acs.org/content/dam/acsorg/education/outreach/kidszone/uv-detecting-wristband.pdf
https://science.nasa.gov/learn/heat/resource/experimenting-with-uv-sensitive-beads/
https://multiverse.ssl.berkeley.edu/FiveStars
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Activity Overview:

Students will use oil pastels and blending techniques to create images of the aurora
borealis, which is represented in many of the mystery cards. This activity is intended to
create a visual representation of the aurora for students who have never seen one, and

showcase how science and art can combine.

Preparation:

e This guide will demonstrate how to create a specific image, but
there are many ways to create aurora art (see Extension ldeas).

e |t may be helpful to watch online tutorials (search for: aurora
pastel drawing) to better understand the technique and learn a
diverse range of methods and ideas.

Key Terms:

Aurora Borealis: A natural display of colorful, dancing light that
typically appears near the North Pole or at northern latitudes. Also
called the Northern Lights, auroras are caused by solar storms and
occur more frequently (and extend further south) when the Sun is
active. A similar phenomenon occurs near the South Pole, and is
called Aurora Australis.

Coronal Mass Ejections: An event where the Sun emits more charged
particles and energy than usual, accompanied by mass loss from the
solar surface. These events can cause an increase in the light seen
from the auroras.

Blending: The art technique of smoothing colors together to create
a gentle transition

Facilitation Tips:

Duration: 1 hr

Materials:

e Oil pastels

e Paper (cut in half sheets)

e Masking tape

e White paint

* Toothpicks

* Pencil

e Bowls for paint

e Paper towels or blending sticks

Inform students that everyone’s picture will look a little different, and that’s ok. If they
want to deviate from the instructions to create their own art, that is ok. Just make sure
they are comfortable with a different outcome if they choose to get creative.
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Useful Tip:

This activity is very open-ended, which is helpful for some students and overwhelming
for others. Some students might feel stress or pressure for their art to look like the
example, especially if those students struggle with fine motor skills and/or emotional
regulation. It is helpful to remind students that the example is just a suggestion, and that

art is meant to be personalized and unique to the artist. Encourage them to be open-
minded about their final design, and have patience while working on the activity.

If needed, let students take a break from the activity if they are frustrated. If they aren’t
able to regulate their emotions during the activity, it may be helpful to let them finish the
activity later in the day. Additionally, having extra supplies on hand is helpful if students
want to start over.

Activity Procedure:

1. Use masking tape to secure the
paper to the table and create a
%" border on all four sides

2. Select 3-4 colors to create the aurora.
Since auroras come in many colors,
students can get creative with the colors
they choose. However, best results will
include one dark color (black or navy)
and 3 lighter shades

3. Using the dark color, color the top 1/5th of the paper. Make
sure students understand that it doesn’t need to be a straight
line, waves and unevenness are more natural

4. Choose the second darkest color and
color in the next 1/5th of the paper
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8. Time to blend! Fold a paper towel firmly in
a triangle shape. It is recommended to start
with the lightest color and blend upward for
the best glow.

5. Choose the second lightest color and
color in the next 1/5th the paper.

9. Use the darkest color to create a jagged line

between the white space and the lightest

6. Choose the lightest color, and color color. This is the mountain top, and they can
the next 1/5th of the paper. customize the mountains to look however they
want. Color in the remaining white space with

same dark color.

10. Use a pencil to finish the edges of the mountains
7. Use the lightest color to add some “glow”
effect between the last two colors. ) ) ) ) )
11. Use a toothpick dipped in white paint to dot
“stars” in the sky. These can be random or look
like constellations.
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12. Carefully and slowly remove the masking
tape. The picture is now complete! Make
sure students sign their names.

Troubleshooting:

When you peel the tape away, if you find that it’s tearing the paper or leaving residue behind you can
use a hairdryer to warm up the tape’s glue. This will make it easier to separate the tape from the paper.

Extension ldeas:

This project can be done in a variety of ways. The main goal is to blend colors in the background, and use a solid
shape or structure in the foreground. Other space-themed backgrounds could be galaxies, celestial objects, and
sunrises/sunsets

Background Science:

The aurora borealis (also known as the northern lights), is caused by free electrons that interact with atoms in
the Earth’s atmosphere and make the atmosphere glow. In addition to providing the Earth with heat and light,
the Sun also sends charged particles to Earth. While Earth’s atmosphere and magnetic field in space (called
the magnetosphere) protects us from these solar particles, the interaction between these particles and the
magnetosphere generates electricity. It is this electricity, or electrical current, that powers the northern lights.
The types of coronal mass ejections that interact with Earth’s magnetic field determine where and how bright
the aurora borealis can be. Sometimes it will brighten and move to more southern states, such as California,
Wyoming, Texas, or South Carolina. Other times, they remain mostly visible to people in northern states, such as
Alaska, Washington, Vermont, and Maine.

The different colors we see in the aurora are a result of how the electricity generated within the Earth’s
magnetosphere interacts with the upper atmosphere, located 60 miles to 300 miles above Earth’s surface. The
electricity that makes the aurora borealis glow is made up of very rapidly moving electrons. When these electrons
collide with the oxygen in the upper atmosphere, the gas glows in green and red light. When these electrons are
energized by the solar particle’s interaction with Earth’s magnetic field, they move even faster and make it down
to 60 miles above Earth’s surface. At this height, the electrons encounter nitrogen gas, which glows in red and
blue, making it look like a purple glow.

Sources:
https.//www.aurorasaurus.org/learn

https.//spaceplace.nasa.gov/aurora/en/
https://science.nasa.gov/sun/auroras/
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Activity Overview:

Participants will use modelling clay and simple circuitry materials to learn how circuits
work and explore how magnets can induce electricity. This will enable participants to
understand how solar storms can cause power outages, which is represented in several of

the mystery cards.

Preparation:

e Make sure the power switch is off on the 6V battery holder,
then place 4 AA batteries inside

Key Terms:

Electricity: A form of energy that comes from the flow of tiny particles
called electrons.

Circuit: A loop-shaped path that electricity can move through.
Closed Circuit: An complete loop that electricity can flow through.

Open Circuit: An incomplete loop that electricity cannot flow
through.

Current: The flow of electricity through something, usually a wire.
Induced Current: The current generated in a wire due to a changing
magnetic field or differences in voltage.

Fuse: A device that shuts off the power to an electrical circuit when
too much electricity flows through the circuit.

Volt: A unit of electric potential (Example: a six volt battery).

Solar Storm: A sudden explosion of particles, energy, magnetic fields,
and other material blasted into the solar system by the Sun.

Geomagnetic Storm: When a solar storm causes a major disturbance
in the Earth’s magnetic field. This can cause issues such as radio
blackouts, power outages, and aurora.

Geomagnetically Induced Currents: Electric currents that are created
along the Earth’s surface or through electric transmission lines as a
result of solar storms causing a temporary change in the magnetic
field.
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Duration: 45 min

Materials :

Per 2-3 Participants

® 6V AA battery holder (x1)
¢ AA batteries (x4)

¢ 1 Red and 1 black alligator clips
* Mini 6V light bulb (x1)

® Mini 1.5V light bulb (x1)
e Light bulb holder (x1)

e Modeling clay

e Large paper clips (x2)

e Steel wool (grade 0)

e Cardstock sheet

* Fuse example

Useful Tip:

This activity involves burning
steel wool, and some students
might be concerned about
fire. If students express fear
about the sparks, remind
students that there are safety
precautions, and that they are
protected. Feel free to share
your institution’s emergency
safety plan.



https://www.amazon.com/LAMPVPATH-Battery-Holder-Switch-Leads/dp/B07L9M6VZK/ref=sr_1_1_sspa?crid=5F5TVN9GUXAZ&dib=eyJ2IjoiMSJ9.FsEJYLTSbMrmVnateGmyROa-0XVwXEdlcN1DigF1B_4E7G59I1a7JqrO_JIYD79xiOGHBVvy_deTTZoLGDO7tG6hJky6_5GlQt86i1_yP5ldXxMYREXm_HJcfoldxUc7uXgkDHPREL9dgHlltC99oxRBL0zgu0U8_5nozIVyi5lyq8Bcj2sp7IWcq8vUkpQ9gGa4z4xtr1_l09xIv8uhhhrUirq_yUZaov8C-Jo8Vn0.gFux-YkYzbuJ8YS-gjruxMqduWzikQvKNovv7LitybQ&dib_tag=se&keywords=6V+AA+battery+holder&qid=1740785443&sprefix=6v+aa+battery+holder+%2Caps%2C467&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/3Pack-Alligator-Clips-Wires-Cable/dp/B085VQCF3C?psc=1&pd_rd_w=Pm0Bz&content-id=amzn1.sym.ea1d9533-fbb7-4608-bb6f-bfdceb6f6336&pf_rd_p=ea1d9533-fbb7-4608-bb6f-bfdceb6f6336&pf_rd_r=VZGTQVXW1QK970TMT16W&pd_rd_wg=wDO82&pd_rd_r=8762d85b-0655-4463-8ce0-ddc61c25fb0e&ref_=sspa_dk_detail_1&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWxfdGhlbWF0aWM=
https://www.amazon.com/Miniature-Screw-6V-0-5A-Flashlight/dp/B0CBNZ5YD5/ref=sr_1_5?crid=3VR7WNHMM1C48&dib=eyJ2IjoiMSJ9.4L4uTZzaKO25Lvnm-9qCTG-bKgXW9GPL94gyYxrE0NqR2uAr9wOKKQluZY1VMHOmk7dytpJXAm1INIb8XgcPMtkCIx0n5xUWxk0MFLddCg13az_B1tXza1f9wwVeWlrd8jm95Dj8JTltki3zvVSyV-h3WfDMbl0HrJSnYxQdFEvG9LHrny1W98FS9NlOxWnDBZ7J9ZVKAn0J2Pd9ZlBksUPZ2u-I7zxN-_8fQCluBi1nwkQ3Xcn9lqGopZd7zaymvISsv1lwQYB-_vFBqTuo8WFcqg47Fe6pMJUefUhKNcOHf9VSXxCQRjwwtfXqJxEyeXvQ1MyJfYNmkwg3kXQhTyDIQD_KZOxq0Mor1oam7A7do7N8bpvA3quSMOxbfhRwT2eQ0TRBuMNqztPjlcPYlAaVF0l9uUzdzBCnupzziRD7N9KuSOBcY0f9RywISnaZ.1umPxrLqGx5ORT7_fpjC_BPrwbob3YfG1ADrMsOrk4Q&dib_tag=se&keywords=6v%2Bmini%2Blight%2Bbulb&qid=1740786010&sprefix=6v%2Bmini%2Blight%2Caps%2C237&sr=8-5&th=1
https://www.amazon.com/SQXBK-Miniature-Experiment-Electrical-Accessories/dp/B09W42SF2M/ref=sr_1_3_sspa?crid=37J17VYEHG1UP&dib=eyJ2IjoiMSJ9.x0UOtBL1eCuOj99WLWnXZ8iftBcZ2JfZwkllt-cK2-plMq0P-oOMgpnL4QLbuGsmj5G-JXgdVD5v8Z9IqZrBx4tyo7leJYRLlxiV1z-0b6Tc3eSx4b22zO3chvmYrLrbJe48F8ajH480wzfBh5g9T6RkwEZsK4Id8J7MQGxCOYJNACEAHNQldf1iuqXbrR9sk3xUwxbXHXm_6y2TNLaq8reZ1EQMI-aVM1Vy5kLrt1n5L6b3uJOFu8eIihdNCkLTH9QSry6nkp1FmfPcL46uRfIaY-ADSWSKrI2uVtI_xSs.22lFZnZ_Qq45fZuVFr0SVAGXCQaJYguBiiFoIwebr2s&dib_tag=se&keywords=1.5v%2Bmini%2Blight%2Bbulbs&qid=1740786082&sprefix=1.5v%2Bmini%2Blight%2Bbulb%2Caps%2C737&sr=8-3-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/SQXBK-Holders-Sockets-Circuits-Experiment/dp/B09XXMPW6M/ref=sr_1_17?crid=1N6HC1UDPFG18&dib=eyJ2IjoiMSJ9.Om7tmU-D4Hp-kixNx9oXS4NhtntbpvAES3dzbhUCgnfSqW2_VSAYQOf9rua488KZxlPVTktEBCsqAy7H51CMxdTKKnH1DlKp5FWfq89Jp73Lu5Cl90Xn7ALSdABt1fEEbrvrD6HfIShlAbH9Bu4Zpb1HrvYA1klN4-L8lQp3tsRPUgeyPYh8YbxB-s7_91cFsCSCBCmWhTro-005N-HXGfR5BlvSAQkw_iolob-yJn3g3C6FczekKGU3Rb3ygONNtSUQ5JwYebSDN3eLcVq36Acxc3-bv1ZDtCaLmC8bp5L_l6YjQ0yF4mhsGTXfZlxqMgakk7dvGMFZKjUzc4DYvgL6Mo3hGIRjoRnGbuqBbxM.nkG5BEVKNOjfEHk69DRNdTw59DfWZ_vBfHt3FvTrbjI&dib_tag=se&keywords=Light+bulb+holder+mini+light+bulb&qid=1740787457&s=hi&sprefix=light+bulb+holder+mini+light+bulb%2Ctools%2C82&sr=1-17
https://www.amazon.com/Crayola-Modeling-Non-Toxic-Traditional-Sculpting/dp/B011EG5KTO/ref=sr_1_6?dib=eyJ2IjoiMSJ9.BhsVRg8jDKFOXrB_VRHmVTQuauo8YwpndvWBbY9HIjwRana0bL6oezx9g7s87Aqdssv3L4CutiAd1aD3jOGH6wbQ31cSxkhpy4EwrZLlv-jtdgCP5o5IIuOgzEVTBUzfuSWlguRujsXyN2IRCEKepE7VuG7pktHw98Hwgp_DMEaE_iqGJ4Sp7zy74vMe1PbtCePi7MSiJfbOo6o6RYhiUlJj38t6aWyhvL_IkEFuZDRGQGJAjD9rk_3qpQilpI6CgzUjkYwSLXN9olAwLvjCuMI6ARrf6QADJap-Z9E1EfegaN_WRxq9Ih39kU5bmo341lcf2YeXH8j9PyQTAhCocwwMsMAgsrmSvnCgyBiL09fcpkZngBa63AM3-fUoemzElMk8O25bN_xAwZp01jL6bIyYTZZ_Bsjd-R8-aStF_im79ZPnOqsH3sjni8DsM4b7.6S5EmBpNPspFqr16Ha_leOknkFjTn_jjTxYgWtzmzuY&dib_tag=se&keywords=modeling%2Bclay&qid=1740787682&sr=8-6&th=1
https://www.amazon.com/Steel-Grade-Rhodes-American-Between/dp/B074MCD94T/ref=sr_1_3?crid=5OJM15Y5KF85&dib=eyJ2IjoiMSJ9.1n9C_hjDdqWvfemrpnXI7sW_v7QhyS8IXW88LVf8rfKxH0UTsojEihq-SPngwWzGVdQLVHFM2Rc08hQABpXVBi_9BHMr2r4k3sYbqkW6YqOe5Gvezng5ZUBget0_2FVB44V6ise9yHZ1TcFkVUJEtNkFzMD4AtlsMP-lQKnFUXK9RfBhgOe1P0dIOxYCXzsZTgV8wuPTHk_-4-d1tBdHW-a6yFZ2Dta5-z6r-pPKKF1wr357L-x6hBJg2vGsPGEj09ROJ9K0dIjdT2m1e9w_-ongKO5d2zd8MmyyNfffMqFefrQIIWs8Due-ZtsjsxDx2jn_12l-xkzSCf9-zI7gkZh-cnqqs2IPoK6jLNPkLjc.Z9nTpo2FlMXI_r95_h0ap074cwNFMAh--K50j-aTuiw&dib_tag=se&keywords=Steel%2Bwool%2Bgrade%2B0&qid=1740787564&s=hi&sprefix=steel%2Bwool%2Bgrade%2B0%2Ctools%2C260&sr=1-3&th=1
https://www.amazon.com/MECCANIXITY-Axial-Replacing-Repairing-Electronics/dp/B0CVWX3DKB/ref=sr_1_17_sspa?crid=2J77QY0MRUVKN&dib=eyJ2IjoiMSJ9.aJkFxKlgNRG29CRL9zD3mJ1vyhxhUCldg-0gPaXCIQX8rkbadFsD2ZiZsnvM8sNz-RIxoIS-OaPTxa5Llv4FeZ2QVICphzx8oKmS6NziWXssLZ2EeZrPGihJa8PjczPQoz3hY2J1mvk50hXmoY0-7zuNrhyQ4lHyJfm4CNDMeiLZ3dzs1VfO-kUsRD5C49NsOUMdfOUiSS4L6v6QL5m4q7k25ucAHR6Q1JpZjjgjRkVa-YKCw4OUaVAIVIg8BCGZyTtupX907KazI4LeG_ytEDDLBR6jrFUwQV2sPecWMpU.HOtkyfKnX0Qqhs3vRbbkxmzpfWSwaEcgmXu2iHRCdVk&dib_tag=se&keywords=Fuse%2BExample%2Btubes&qid=1740787626&s=hi&sprefix=fuse%2Bexample%2Btube%2Ctools%2C224&sr=1-17-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1

Facilitation Tips:

It is helpful to use a visual presenter or document camera to project the activity so that students can
follow along.

Do not provide batteries until the end!

Having red and black alligator clips will simplify the wiring when making the circuits. Typically red
wires connect to positive sides of a circuit, and black wires connect to negative sides.

This activity does involve creating a spark. There is low risk of danger, but instructors should be sure
to follow all of their institution’s guidance and safety precautions.

Activity Procedure:
1. Watch an introductory video about how magnetism can induce electricity

How Solar Storms Could Knock Out Our Power Grid by NOVA PBS Official. https://tinyurl.com/PBSPowerGrid
(it will start at 3:38 minutes)

2. Lead a demonstration for the students where you create
a simple circuit. Use a 1.5V battery and 2 alligator
clips to light a 1.5V light bulb. Explain that the circuit
is closed when the loop is complete and the lightbulb
is on. Explain that the circuit is open when the loop is |
incomplete and the lightbulb is off. Open Circuit Closed Circuit

3. Ask students what they think would happen if too much electricity flows through the lightbulb? Demon-
strate how the lightbulb blows out if 6V batteries are connected to a 1.5V bulb

4. Distribute the following materials to the students and ask them to create a circuit. (Do NOT give them
batteries). Explain that in a circuit, red typically represents the positive (+) side, and black typically repre-
sents the negative (-) side.

Make sure they connect a red wire from the positive side of the battery to one side of the light

Make sure they connect a black wire to the negative side of the battery to the other side of the light

® 6V battery holder
e 2 alligator clips
e 1.5V light bulb
e Light Bulb holder

5. Ask students to think about what would happen if they put batteries in the holder. Challenge them to
consider how they can prevent the bulb from blowing out?

6. Explain that we can build a fuse to shut off the power if too much electric current flows through
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7. Distribute a chunk of modelling clay and 2
paper clips. Instruct students to create a fuse by
rolling the clay into a ball and flattening it slightly
(see below). Place the paper clips in the clay
about 2 inches apart.

8. Place a single thread of steel wool between
the paper clips by winding it around the
paper clip creating a bridge between the two
paper clips.

9. Show students an image of the completed circuit,
and challenge them to replicate what they see. This
step can be challenging. Essentially, the goal is to
place the fuse in the middle of the positive (red) side
of the circuit.

e First, they should unclip the red alligator
clip from the light bulb and clip it onto one
of the paper clips.

e Using a different red alligator clip, clip one
side to the other paper clip, and the other
to the light bulb (on the positive side that
they removed the other alligator clip from)

10. Place the batteries in the battery holder to com-
plete the circuit. Turn the switch on. What do you
notice about steel wool? Is your light bulb on or off?
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11. Explain that the piece of steel wool acts like a fuse and represents how fuses work. Show an
example of a fuse.

12. Discuss how the fuse examples are related to a power grid during a blackout.

Extension Ideas:

Participants can create a diagram or
a map of the path of electricity from
the power plant to their homes. See
example:

Background Science:

A disruption in a circuit can affect the flow of electricity. When the wire is disconnected, it opens the circuit and
shuts off the lightbulb. When 6V batteries try to power a 1.5V light, there is an overflow of electricity which burns
the fuse. Once the fuse is burned up, it creates an open circuit, preventing electricity from flowing to the bulb.

Solar storms can induce electricity that can overload our electrical grids. When this happens, it can cause a power
outage that leaves a city without electricity. These phenomena are called geomagnetically induced currents (or
GICs). A recent occurrence of a GIC happened over Europe in May 2024.

The Sun releases a constant stream of charged solar particles called the solar wind. Sometimes, huge clouds of
solar material expelled from the Sun, called coronal mass ejections, can interact with the Earth’s magnetic field,
causing temporary changes. This temporary change can create electric currents on or under the Earth’s surface
called GICs. Metal structures near the Earth’s surface (like underground pipelines, railroads, power lines) can act
like giant wires for the GICs, causing electricity to flow long distances underground. These currents can knock
out power systems and cause temporary blackouts.
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National Aeronautics and Space Administration

GEOMAGNETICALLY
- INDUGED
GURRENTS

Z

Earth’s Geomagnetic Field

Coronal Mass Ejection (CME)

Geomagnetically Induced Currents (GICs) can result from
geomagnetic storms—a type of space weather event in which
Earth’s magnetic field is rattled by incoming magnetic solar
material. Most GICs are triggered by coronal mass ejections (1), or
CMEs, which interact with the magnetic field around Earth (2) and
cause it to rattle. The quick-changing magnetic fields create GICs
through a process called electromagnetic induction (3). GICs can
flow through railroad tracks, underground pipelines, and power
grids. In extreme cases, they can cause blackouts.

3 Changing Magnetic Fields Induce an Electric Current

Transformer

yGic

WHAT IS THE IMPACT?

Though widespread permanent damage to power systems is unlikely, extreme storms can cause blackouts
over extended areas. That's why NASA and other federal agencies work with the power and insurance
industries to develop plans and standards for dealing with GICs.

GICs CAN RUN THROUGH ANY LONG METAL STRUCTURE

Underground ‘ —
Pipelines Railroad Tracks

Sources:
https.//science.nasa.gov/sun/solar-storms-and-flares/

https://www.nasa.gov/science-research/heliophysics/living-with-a-star-nasa-and-partners-survey-space-weather-
science/#:~:text=Geomagnetically%20Induced%20Currents%2C%200r%20GICs,a%20process%20called%20
electromagnetic%20induction.

https.//agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2024SW004191
40



Vlessages

Activity Overview:

Learners will create glasses using red and green light filters. This will support their
understanding of how light filters work and how scientists use filters to study the Sun and

its light.
Duration: 20 min
00 0000000000000 0000000 0000
Preparation: .
P Materials:
e Glasses:

e Glasses template, see Additional
Resources for an example

¢ Red filter, Lee Filters Direct in
026 Bright Red Lighting Gel

e Green filter, Lee Filters Direct in
090 Dark Yellow Green Lighting
Gel

e Transparent tape
e Red crayons that match the red

Cut out the glasses templates so that each student has two
pairs of glasses

e Filters:

- Cut out red and green squares of the filters so they are just
big enough to cover the eyehole of the glasses

- each student should have 2 red and 2 green filter squares

Key Terms: vy
Reflection: When light bounces off a surface instead of passing « Green crayons that match the
through. green filter

Absorption: When light enters a material and does not pass through. e Index cards or white paper

Activity Procedure:

1. Ask students: “What color is light?” Explain that even though it’s called “white light,” it actually consists of
all seven colors blended together (red, orange, yellow, green, blue, indigo, violet aka Roy G Biv.)

2. Ask students: “Why can we see colors?” Explain that when multicolored “white” light shines on an object, it
absorbs some colors and reflects others. For example, if you look at an apple and it appears red, it’s because
the apple is absorbing all colors except red. Instead of absorbing red, the red light bounces off the apple and
is reflected back to you and you see the apple as red.

3. Ask students: “What do you think our perception of color would be if the sun’s light wasn’t this mix of colors?
What if it was only one color?” Take note of their predictions.

4. Time to find out! Pass out the glasses, filters, and tape.
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https://usa.leefiltersdirect.com/products/026-bright-red?_pos=1&_sid=38ec537b6&_ss=r&variant=49498191823163
https://usa.leefiltersdirect.com/products/026-bright-red?_pos=1&_sid=38ec537b6&_ss=r&variant=49498191823163
https://usa.leefiltersdirect.com/products/lee-090-dark-yellow-green-lighting-gel?_pos=1&_sid=a62a4d6c0&_ss=r&variant=49498177929531
https://usa.leefiltersdirect.com/products/lee-090-dark-yellow-green-lighting-gel?_pos=1&_sid=a62a4d6c0&_ss=r&variant=49498177929531
https://usa.leefiltersdirect.com/products/lee-090-dark-yellow-green-lighting-gel?_pos=1&_sid=a62a4d6c0&_ss=r&variant=49498177929531

5. Have students take one pair of glasses and both red filters. Tape the red filters over the eyeholes of the
glasses. Make sure the vision isn’t obstructed by the tape.

6. Repeat step 5 with the other glasses and the green filters.

7. Give students index cards and a green and red crayon. Have them write messages in one color, then scribble
over whatever they wrote in the other color.

8. Have them do the same thing but in reverse (aka swap which color is the message and which color is the
scribble.)

Red text and
green scribble

Green text and
red scribble

9. Encourage students to look at their images through each filter.
What filter makes the red message readable?

What filter obscures the red message? What about the green filter?
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Extension Ideas:

Try the Optics: How Do We See Color activity from the Year 1 curriculum.

Background Science:

Lightwaves exist on a spectrum, and the part we can see is called “visible light.” Visible light consists of red,
orange, yellow, green, blue, indigo, and violet light. When blended together, this is called “white light.” When we
look at a colorful item, we see the color that is reflected back to us. For example, if you look at a red ball, white
light is shining on that ball. In this example, all of the colors of white light except red are being absorbed by the
ball. Instead of being absorbed, red is reflecting off the ball and entering your eye, allowing you to perceive the
ball as red.

When participants look through the green filter, all colors are filtered out except green. Because the green
crayon is the same color and shade as the filter, it is hard to see the green writing on the white index card (since
the green filter is only letting green light through). The same thing happens when using the red filter and a red
crayon: the red filter only allows red light to pass through, making it difficult to see the red crayon. Since red and
green are opposite colors, when you use a red filter and a green crayon (and vice versa) the writing will appear
almost black.

Similar to how we use red and green filters to change what we perceive on index cards, NASA uses filters to
perceive the Sun in different ways. While the filters in this activity are limited to the visible light spectrum, NASA
uses many types of filters, including infrared and ultraviolet. These filters help ensure only specific, desired
wavelengths reach the detector of the telescope, allowing NASA to get the specific wavelength information it
needs.

NASA also uses filters to create full color images. A telescope or rover will take the same photo three times, using
red, blue, and green filters each time respectively. NASA will then combine these single filter images afterwards
to create the full color photos with which we’re familiar.

Additional Resources:
https://science.nasa.gov/resource/filters-for-color-imaging-and-for-science/

https://science.nasa.gov/solar-system/multimedia/raw-images-faq/
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https://docs.google.com/document/d/1cDrL06ylGsPDXm-g6lEmsTxFDuEYeK3yq2vWjLYEMEY/edit?tab=t.0

Activity Overview:

Students will build a device that creates heat using solar power. Using their solar ovens,
they will experiment with melting different items.

Preparation: Duration:
e Collect closable cardboard boxes. They should be roughly 12x12x2”. Building Time: 30 min

Different sized boxes may take different amounts of time to heat

Cooking Time: Varies dependin
up. Examples: pizza boxes, small shoeboxes, cereal boxes. & P g

on temperature and strength of
sunlight. On a sunny and hot day,
it can be as quick as 20 minutes.
On a cooler and less sunny day, it
can take an hour or more.

e Choose if you want the students to melt edible or non edible
items. Edible items can include gummy candies or s’mores supplies
(graham crackers, marshmallows, chocolate squares). Non-edible
items can include crayons.

¢ Find a safe space in direct sunlight to leave the solar ovens

unattended. Since cook times can be long, it may not be ideal to
00 0000000000000 OCOCOCGEOGEOGEOSGEOSGSEOSOS OO

(]

have students outside the entire time. 1 P

* Create some pre-made components to have on hand for students  ;  Materials: 4

that struggle with fine motor skills. ° P

) ) ) ® e Closable cardboard box (see o

¢ Choose a day with warm temperatures and direct sunlight. It may ¢ . . A

) . . 9 preparation section) P

be helpful to do a test run to determine how long it will take in 3 ] ] L

your geographic area/time of year. « *Aluminum foil E

+ e Clear plastic wrap .

[ )

Key Terms: « o Gluesticks 5
[ ]

Solar: Related to the Sun. b Masking tape P

e e Ruler P

' e Stick or dowel to prop the lid L

Useful Tip: open 5

J Brighjc light ca.m be difficult for sjcudents with light sensitivity. « Meltable items (see preparation P

Consider having sunglasses available for when you go outside. - o

section) .

e Some stu.dents may struggle with Futtmg and other flne « Optional: Temperature gun or P

motor skills. If a student is struggling or frustrated, either °

: ) . thermometer .

assist them or provide them with pre-made components. °

[ ]

e Some students may have sensory based issues with the ©0cccccccccccccccccccccce

materials used in this activity. Working with a partner can
allow students to share the load deciding which materials
they want to handle.

e Print the visual guide as an option for students to follow along
at their own pace. [Solar Ovens Visual Guide pdf]
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https://drive.google.com/file/d/1vfnnREiFJ_DbWqGNzqUr9DX-4LPZykPk/view

Activity Procedure:
1. Using a ruler as a guide, cut a three-sided flap out of the top of the box leaving at least

a 1” border around the three sides.

Cut here, 1 inch from the
edge of the boc top.

2. Use the glue stick to spread a coat of glue on the
bottom (inside) of the flap. Cover the glue with a piece
of aluminium foil, making sure the foil is as smooth as
possible. The foil should completely cover the inside.

Make sure the foil inside the flap is very
smooth, to make it like a mirror.

3. Tape plastic wrap across to cover the box. Use masking tape so you can peel away one side of the plastic wrap
to place food or objects inside. The Masking tape will allow you to reseal the solar oven when you’re ready
to use it. Two layers of plastic wrap are recommended for better insulation across the opening of the box.

Two layers of plastic wrap over the opening will help
keep heat in, while still letting all the light shine through.

4. Use the stick to prop up the lid. You may need to use
tape to keep it in place.
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5. Test your solar oven! Take it outside and place it in a sunny spot.
6. Open the box to place your object to be melted inside.

Optional: Use a temperature gun or thermometer to measure and record the starting temperature
of the solar oven.

7. Once items have been melted, you can eat them (if edible). If melting crayons, give them time to cool
before using them.

Optional: Use a temperature gun or thermometer to measure and record the ending temperature of
the solar oven.

Extension Ideas:

e This project helps visualize the Sun’s power and demonstrates how the Sun’s power can be directed and
utilized. For another project that builds on that concept, see Activity 12: Solar Powered Cars.

e Let kids get creative with their designs and compare how different builds affect the function of the solar
ovens.

Background Science:

The Sun generates A LOT of energy. On average, every square meter of Earth receives 342 watts of solar power
in a year, which is a cumulative 44 quadrillion watts of power overall. To generate that amount of energy, you
would need 44 million power plants each generating 1 billion watts per year.

Some of the energy Earth receives is heat, specifically near-infrared light. The Sun contains a lot of hydrogen and
is very, very large. This means it also has a lot of gravity, which creates a lot of pressure inside the Sun. Due to this
pressure, nuclear fusion occurs as the Sun’s hydrogen atoms collide and fuse into helium. This process (which
repeats) releases a lot of energy, which turns into heat (at 15 million Kelvin or 27 million degrees Fahrenheit!) By
the time the energy reaches the Sun’s photosphere, the temperature is closer to 6000 Kelvin. Some of this heat
is discharged and makes its way to Earth, warming our planet (and our s’mores).

However, much of the Sun’s energy never makes it to the Earth’s surface, since our planet protects us by reflecting
and emitting most of this energy back into space.

Sources:

Solar Ovens Printed Visual Guide
https://www.nasa.gov/wp-content/uploads/2015/03/135642main_balance_trifold21.pdf
https://spaceplace.nasa.gov/sun-heat/en/

https://earthobservatory.nasa.gov/features/RenewableEnergy/renewable_energy4.php#:~:text=Sunlight%20passes%20
through%20the%20transparent,heat%20to%20achieve%20cooking%20temperatures.
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https://drive.google.com/file/d/1vfnnREiFJ_DbWqGNzqUr9DX-4LPZykPk/view

Activity Overview:

Students will use simple circuitry materials and solar panels to build solar-powered model
cars. Students will understand that the Sun is a source of energy that can be converted
into electrical energy that can power a car.

Duration: 1-2 hrs

Materials:

e 4x6” corrugated cardboard or foam board

e Clamp lights

e Flood light (or other strong light)

e Solar Panels: AMX3d Micro Mini Solar Cells — 1.5V 400mA 600mW Compact 80 x 60mm Solar Panels

e DC 1.5-3V 15000RPM Mini Electric 130 Motor Kit

e Wheels - 30mm x 8mm Plastic Roll 2mm Dia Shaft Toys Wheel

e Alligator clips

e Plastic straw cut into 2 3-4 inch

e Axle - Stainless Steel 150mm x 2mm Round Shaft Rod

e Gear on the motor: Modle: 092A; Number of teeth:9 ; Modulus: 0.5 Modulus; Outer diameter: 5.5mm; Hole
diameter: 2mm; Thickness: 5mm

¢ Gear on the axle: Plastic Gears Model 50102A, 50 Teeth, 0.5 Modulus, 26mm Outer diameter, 5.7mm

Thickness, 2mm Hole Diameter.
4 Plastic Shaft Toy wheels Tape

e Masking tape or clear tape OO0 ®
e Paper clip

e Box cutter Mini Solar Cells

* (Optional) Suggested Solar Powered Car Kits: ¥ * 2 Rounded

Motor & Gears
- Solar Made y Sh ﬁ hod Box cutter

- Solar DIY Micro Car Kit o =
i ) 2 Paper Clips 3 plastic Straws
- Pitsco Kit

Alligator Clips
Foam Board

Useful Tip:
Preparation: If it’s bright outside,
e This activity works best on a sunny day, so try and schedule it for a have sunglasses
day with Sun! available for students

e Pre-cut cardboard into 4 in. x 6 in. pieces.

with light sensitivity.
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https://www.amazon.com/Srutueo-400mA-80x60mm-Micro-Mini-Panels/dp/B0D5DDS1SM/ref=sr_1_1?crid=6TWQ7N2WQQZP&dib=eyJ2IjoiMSJ9.yJ2hYyAssDAbEIw7bP6TMRwoTXUxEvkwEoQMJXUJxftzUZVczXHvaEVHBijlgJrJWzycfK-6SPCZj6xpg-M43D_e3QisO6fXJNxBE2W9dX6i07S1ci5EVYxsdSD9xij1fWzX5i7Y9YQeAtejU-NOCz_77Gc6D8yMaJ9fwNFan17_mVgWwBetsYQcfSc2xrHzUdNh3ci0RaauNSaaneDcsh8SZ5lpUkvn2rNm5JtZ1EY.04FuM_d408EsJQOGIUG_Y1ZlkkTMydY0v6j8d0l2QEY&dib_tag=se&keywords=AMX3d+Micro+Mini+Solar+Cells+%E2%80%93+1.5V+400mA+600mW+Compact+80+x+60mm+Solar+Panels&qid=1741012854&sprefix=amx3d+micro+mini+solar+cells+1.5v+400ma+600mw+compact+80+x+60mm+solar+panels%2Caps%2C107&sr=8-1
https://www.amazon.com/California-JOS-15000RPM-Electric-Experiments/dp/B0CJHT46M8/ref=sr_1_2_sspa?crid=1Q5CCX4UJ5UN&dib=eyJ2IjoiMSJ9.S74FTj5ZXR9e7CLtvywkPAVGQo5PWsbpackeCWgCDpHbkXglXzulFSZs4LhEd6_5eqBeec06LkSmy7rhNBfIDHknULRCY_WO8FQgCfHMtn8DRpKJE3-q43f-SKkBJqORWi6XYk9f57eWQBq9yBa1R9F-mx9dzrcav4d_I_DYX9Y1xutzBHzsDzQvMLg-qBvvUeS59HQgZJOCbkpujMVWhojEQIklTMB2-7wK_A5ZB_7-zrWBzmeouCGYPKnum9hY0OSiPVj2sy9hH9UOz3iCG3ea1T5iEqcex0PAIhJEREE.PDbIwP7XdsEzO8CpONU0HVHBqtQkwfnlrpgfhyQxQJo&dib_tag=se&keywords=DC%2B1.5-3V%2B15000RPM%2BMini%2BElectric%2B130%2BMotor%2BKit&qid=1741012888&sprefix=dc%2B1.5-3v%2B15000rpm%2Bmini%2Belectric%2B130%2Bmotor%2Bkit%2Caps%2C102&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EUDAX-30mmx8mm-2mmx100mm-Helicopter-Building/dp/B09333WWRF/ref=sr_1_2_sspa?crid=3BJ1HA1RHVRM3&dib=eyJ2IjoiMSJ9.h_x9lksyYmeUe6WfuPJOiNb4SMcEYhi-7Q-heGlzJpsiwhbgvDLV3TtlijTAlD3dq0m48GRLXkkZ5qy9_4CxA4L8Uzg7nykH22gtXr2_B9vS2f-km0ZdKvCZTSxZmBof2iaHE9clnC8VCTLz_XOFr-FgV0zfyOiOA-yN0KCq73jpekLSXo5arsUYdWG8AZ03vCrYIVbsLojnqlyVhocDM_RZxHMo1Le_Me7EQnOXyj0.xAITscTnt6mmXndKeVAdkSx1iuBaIeBi_vYL8KazoEQ&dib_tag=se&keywords=30mm%2Bx%2B8mm%2BPlastic%2BRoll%2B2mm%2BDia%2BShaft%2BToys%2BWheel&qid=1741012968&sprefix=30mm%2Bx%2B8mm%2Bplastic%2Broll%2B2mm%2Bdia%2Bshaft%2Btoys%2Bwheel%2Caps%2C64&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Favordrory-Stainless-Straight-Helicopter-Airplane/dp/B08L7SGNJM/ref=sr_1_2?crid=BK06CO9NM7KV&dib=eyJ2IjoiMSJ9.YwyKbWw47hXs8riaQHHqy4MrmmPc69bJlliBxs3qVA0v8_4DEAL4zpVDAHyfB8Ig3jN80nwQXQWI2kQUktFLAh6aa9PhT7sh1OnSRlSIXuLj4tVwI93BBJGrx_bRJSFJvAXNnZ1Af3EG3gsSIVnVMntFud39dvBQ_cvM0sI8b9hJgGxwPIVGXbn6aayNfdBnUDEIV0nq8G0J3ERJKY_--y959fyfvSRZhTpxY_wmmKU.Zt-EHs51ct5WEkTXWr5zvD9lJC9DSQhCeZBQCN4s6lg&dib_tag=se&keywords=Axle%2B-%2BStainless%2BSteel%2B150mm%2Bx%2B2mm%2BRound%2BShaft%2BRod&qid=1741013004&sprefix=axle%2B-%2Bstainless%2Bsteel%2B150mm%2Bx%2B2mm%2Bround%2Bshaft%2Brod%2Caps%2C75&sr=8-2&th=1
https://www.amazon.com/Othmro-30pcs-Plastic-White-Modulus/dp/B07XDSLVGN/ref=sr_1_1_sspa?crid=1MGKK8VXU22FZ&keywords=Gear%2Bon%2Bthe%2Bmotor%3A%2BModle%3A%2B092A%3B%2BNumber%2Bof%2Bteeth%3A9%2B%3B%2BModulus%3A%2B0.5%2BModulus%3B%2BOuter%2Bdiameter%3A%2B5.5mm%3B%2BHole%2Bdiameter%3A%2B2mm%3B%2BThickness%3A%2B5mm&qid=1741013067&sprefix=gear%2Bon%2Bthe%2Bmotor%2Bmodle%2B092a%2Bnumber%2Bof%2Bteeth%2B9%2Bmodulus%2B0.5%2Bmodulus%2Bouter%2Bdiameter%2B5.5mm%2Bhole%2Bdiameter%2B2mm%2Bthickness%2B5mm%2Caps%2C53&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://www.amazon.com/Othmro-30pcs-Plastic-White-Modulus/dp/B07XDSLVGN/ref=sr_1_1_sspa?crid=1MGKK8VXU22FZ&keywords=Gear%2Bon%2Bthe%2Bmotor%3A%2BModle%3A%2B092A%3B%2BNumber%2Bof%2Bteeth%3A9%2B%3B%2BModulus%3A%2B0.5%2BModulus%3B%2BOuter%2Bdiameter%3A%2B5.5mm%3B%2BHole%2Bdiameter%3A%2B2mm%3B%2BThickness%3A%2B5mm&qid=1741013067&sprefix=gear%2Bon%2Bthe%2Bmotor%2Bmodle%2B092a%2Bnumber%2Bof%2Bteeth%2B9%2Bmodulus%2B0.5%2Bmodulus%2Bouter%2Bdiameter%2B5.5mm%2Bhole%2Bdiameter%2B2mm%2Bthickness%2B5mm%2Caps%2C53&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://www.amazon.com/Bettomshin30pcs-Plastic-Diameter-Thickness-Mechanical/dp/B08TQW1KPS/ref=sr_1_1?crid=16XUYNJHQCUCJ&dib=eyJ2IjoiMSJ9.pqYAOt1lJJGY5iueIeXmsuhP-6pYfzKg99BEtZmyQO4mC9pZBdQ2PreRr60qt3gB3fHtYtQkU2JfsqoxF6vUJynylwPdIj-ooPo9uKHdiFE7e_PlmZc7mNkpzswZO9sRhhtgj2MeXr7RBShECiDECw.1rtkiZe1eGbT1OhS7KUsh_eey79gcEpkwdHL2_LpwAk&dib_tag=se&keywords=Gears%2BModel%2B50102A%2C%2B50%2BTeeth%2C%2B0.5%2BModulus%2C%2B26mm%2BOuter%2Bdiameter%2C%2B5.7mm%2BThickness%2C%2B2mm%2BHole%2BDiameter.&qid=1741013175&sprefix=gears%2Bmodel%2B50102a%2C%2B50%2Bteeth%2C%2B0.5%2Bmodulus%2C%2B26mm%2Bouter%2Bdiameter%2C%2B5.7mm%2Bthickness%2C%2B2mm%2Bhole%2Bdiameter.%2Caps%2C48&sr=8-1&th=1
https://www.amazon.com/Bettomshin30pcs-Plastic-Diameter-Thickness-Mechanical/dp/B08TQW1KPS/ref=sr_1_1?crid=16XUYNJHQCUCJ&dib=eyJ2IjoiMSJ9.pqYAOt1lJJGY5iueIeXmsuhP-6pYfzKg99BEtZmyQO4mC9pZBdQ2PreRr60qt3gB3fHtYtQkU2JfsqoxF6vUJynylwPdIj-ooPo9uKHdiFE7e_PlmZc7mNkpzswZO9sRhhtgj2MeXr7RBShECiDECw.1rtkiZe1eGbT1OhS7KUsh_eey79gcEpkwdHL2_LpwAk&dib_tag=se&keywords=Gears%2BModel%2B50102A%2C%2B50%2BTeeth%2C%2B0.5%2BModulus%2C%2B26mm%2BOuter%2Bdiameter%2C%2B5.7mm%2BThickness%2C%2B2mm%2BHole%2BDiameter.&qid=1741013175&sprefix=gears%2Bmodel%2B50102a%2C%2B50%2Bteeth%2C%2B0.5%2Bmodulus%2C%2B26mm%2Bouter%2Bdiameter%2C%2B5.7mm%2Bthickness%2C%2B2mm%2Bhole%2Bdiameter.%2Caps%2C48&sr=8-1&th=1
https://solarmade.com/
https://www.xump.com/science/solar-diy-micro-car-kit.cfm?gclid=CjwKCAjwtuOlBhBREiwA7agf1o_B9n1vGJdL49JzsmSekER1jjQS0t2ythBWttAp1lOrPdl-nc8DQRoCUjYQAvD_BwE
https://www.pitsco.com/products/sunzoon-lite-solar-car?variant=49172740407588&country=US&currency=USD&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&srsltid=AfmBOoqiFEd6PIPWLvgkmRv1JwJGRT3qB94uRz4ZlOYOqx53tUrzuHuO8lI

Key Terms:

Solar Power: Power generated directly from sunlight.

Solar Panel: Panels made out of cells that turn solar power into electricity.

Circuit: A path for electricity to travel through.

Chassis: The car’s frame, or body.

Axle: Straight, rigid rods that support the wheels.

Bearings: Mechanical parts that connect the axle to the chassis while still allowing the wheels to spin

Motor: Converts electrical energy (in this case from the solar panel) into a spinning motion that can be used
to turn wheels.

Transmission: Transmits rotating motion from the motor’s shaft to an axle

Gears: Mechanical parts with cut teeth designed to fit with teeth on another part, as a means to transmit or
receive force and motion.

Activity Procedure:

1. Recap what a circuit is, and demonstrate how solar panels can power a light bulb like a battery.

2. Instruct students to slide an axle (metal rod) into
a bearing (straw). Press a wheel (plastic discs with
rubber tire treads) onto the ends of the axle

3. On the other axle, follow the same steps, but
make sure to slide a plastic gear onto the axle
before attaching the second wheel.

4. Construct the chassis. Lay down the cardboard/
foam core on the table and place the axles/
wheels on top so that it resembles the wheels
of a car. Make sure the wheels and gear are
hanging over the edge of the chassis and able
to spin. Tape the straws onto the cardboard.
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5. Tape the motor to the chassis and align the transmission with the
teeth on the motor. This step is challenging! If using gears, the
teeth need to mesh firmly. If they are too loose or not touching,
the motor will spin without turning the axle. If they are too tight,
there may be too much friction, which can cause a jam. You can
test and adjust once it is connected to the solar panel.

6. Attach supports for your solar panel to the chassis.

Use a bent paper clip (like a hook) and tape it to the
back of the chassis.

7. Place the solar panel on the paper clips with the
panels facing upward.

8. Use tape to secure the solar panel to the paper clips.
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9. Connect a red alligator clip to the red wire on
the solar panel. Make sure it touches the metal
part that extends off the red wire. Do the same
thing with the black alligator clip and black solar
panel wire. Connect the other end of the red
alligator clip to one metal prong on the motor.
Connect the other end of the black alligator clip
to the other metal prong on the motor.

10. Test your car! Take your car outside in direct
sunlight, but don’t put it down yet. Hold it in
your hands and aim the panel towards the Sun.
If the motor and axle both spin, it works!

Troubleshooting:
1. If the motor doesn’t spin at all:

e Check if there is enough light. The motor may not spin in the shade or under clouds. If needed, adjust
the paper clips to angle the solar panel towards the Sun.

e If it still doesn’t spin, double check the circuit. Make sure the alligator clips are firmly attached to the
metal parts of the solar panel wire. Make sure that none of the wire connections are loose or broken.

o If it still doesn’t spin, check if there is a jam in the axle or transmission. Does the axle spin if you twist
the wheels by hand?

2. If the motor spins but the axles do not:
e Make sure the gears are touching or connected firmly together

¢ Realign the gears by moving them either closer or slightly apart from each other

Extension Ideas:

e Explore different materials for the chassis (it just needs to be sturdy)

e Explore using different materials for the wheels and axles (ex: bottle caps, skewers)
e Change the gear size and gear ratio and experiment with the car’s movement

e Use the solar panels to make different circuit creations
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Background Science:

Solar panels convert sunlight into electrical energy. This electrical energy runs through the wires and alligator
clips to the motor, turning the electrical energy into mechanical energy that powers the motor. The motor turns
the gears, which causes the wheel and axle to turn, which then causes the car to move. If the Sun can’t reach
the solar panel, the panels won’t collect enough energy to power the car.

Unlike fossil fuels, which cause pollution and emit greenhouse gases, solar power is a clean and renewable
energy source. However, there are challenges to using solar power. For example, it is not available at night or
on a cloudy day.

Many spacecraft, rovers, and space telescopes rely on solar panels called “solar arrays” to provide their energy.
The solar arrays charge batteries on the spacecraft to provide power during nighttime. One example is a
spacecraft called the “Solar Dynamic Observatory” or SDO. The SDO orbits Earth and studies the solar activity
of our Sun by measuring its magnetic field and creating images of its outer layer. Its solar arrays provide the
energy needed to complete these tasks, enabling scientists to analyze the Sun’s activities. These images can be
viewed at www.helioviewer.org.

AlA

EVE (Extreme Ultraviolet Variability)
HMI (Helioseismic and Magnetic Imager)
AIA (Atmospheric Imaging Assembly)

HIGH-GAIN ANTENNAS

SDO powered by the Sun’s energy using solar arrays.

Additional Resources:
Check out the Solar Ovens activity for another activity harnessing the Sun’s energy.

Sources:
https://www.sciencebuddies.org/science-fair-projects/project-ideas/Energy_p043/energy-power/how-to-build-solar-
powered-car

https://sdo.gsfc.nasa.gov/mission/spacecraft.php
https://kids.kiddle.co/Machine
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Activity Overview:

Students will engage in a kinesthetic activity that models the positions of the Earth, Sun,
and Moon. This activity will help students understand the phases of the Moon during its
(almost) 30 day cycle, and relate this knowledge to what happens during an eclipse.

Duration: 30-40 min

Preparation:

Materials:
e Use a dark room for this activity and move desks and other f I » oy
objects out of the way so students can move around freely. * Styrofoam balls (4-5" diameter)
e Pencil

e If using a clamp light, remove the reflector (shiny dome piece).

If using a traditional lamp, remove the shade. * Stationary light source with a

100 watt lightbulb. Ex:
- Clamp light
- Lamp without a shade
e Extension cord
e Table or chair

e Set up the light source in
the middle of the room.
If using a clamp light,
clamp it to a table, desk, or
chair back. Face the light
upward. If using a lamp,
place it on the table.

® Pre-poke holes
in the styrofoam
balls.
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Key Terms:

Moon Phases: The different shapes of the Moon that we see at different times of the month.

New Moon: When the Moon is
between the Sun and Earth so
that the lighted side faces the
Sun and the dark side faces Earth.

Waxing Crescent: Lit from the
right side and can usually be
seen within 24 hours after a
New Moon. Waxing means that
it is slowly getting more light
(and appearing bigger).

Waxing Gibbous: \When more
than one quarter of the Moon is
visible, it is a gibbous. Since it’s
lit from the right and growing,
it is waxing. Gibbous is latin for
“humpbacked”

Third Quarter: About a week after the Full Moon,
you can see half of the lighted side (which is a

Full Moon: When the entire
lighted side of the Moon is visible
from Earth. The Moon is on one
side of the Earth, and the Sun is
on the other side.

First Quarter: About a week after
the New Moon, half of the Moon
is lit from the right side. Since it is
half of one side of the Moon, it is
referred to as a quarter.

Waning Gibbous: When more than
one quarter of the Moon is visible
from the left side. Waning indicates
it is getting less light (appearing
smaller). This begins right after a
Full Moon.

guarter of the Moon). This is lit from the left side.

Waning Crescent: Lit from the left side and
usually seen within 24 hours before a New Moon.

Orbit: A regular, repeating path that one object in space takes around another. An object in orbit

is called a satellite.

Eclipse: When a planet or moon gets in the way of the Sun’s light. On Earth, we can experience two

types of eclipses: solar and lunar.
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Solar Eclipse: When the moon blocks the Sun’s light and creates a shadow on Earth.

) SOLAR ECLIPSE
) LUNAR ECLIPSE

Facilitation Tips:

e Prior to the activity, ask participants if they know the different phases of the Moon and what they look
like. Use this NASA resource to show participants pictures of the different phases.

* Remind students to be careful when using the pointed end of the pencil.
e Remind students not to look at the light source directly.

e Practice quarter, half, three quarter, and full body turns with the students before doing the activity with
the light source.

e Practice turning while holding the moon balls. It might be helpful to use a round clock as a reference for
turning instead of using degrees.

e |[f the room is small and can’t accommodate all of the students at one time, break them into smaller
groups and take turns.

Guiding Questions:

e What is the light source that allows us to see the Moon?

e How do the Earth, Moon, and Sun orbit around each other?
e What is the order of Earth, Moon, Sun during a solar eclipse?
e What is the order of Earth, Moon, Sun during a lunar eclipse?

* Choose one phase of the Moon and describe what is happening

Activity Procedure: Part 1: Setting the Stage

1. Tell the participants that we are going to simulate the phases of the Moon using a light source, styrofoam
ball, and our body movement.

2. Explain that the light source will represent the Sun. Have students stand in a circle around the light source.

3. To make sure everyone is properly spaced and has enough room, have each student extend their left arm. If
they are touching the person to their left, they need to step back.

4. Distribute a styrofoam ball to each participant. Tell participants to insert a pencil in the styrofoam ball. This
will represent the Moon on its axis.

5. Tell participants their heads will represent Earth, and their nose will represent a mountain called “Mount
Nose.” Imagine you are standing on Mount Nose.
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https://spaceplace.nasa.gov/moon-phases/en/#:~:text=The%20Short%20Answer%3A&text=Some%20nights%2C%20the%20Moon%20might,are%20called%20the%20Moon's%20phases

Part 2: Acting out the Moon Phases

1. New Moon: Ask participants to face the light

source and hold the styrofoam ball directly in
front of them while extending their arm. Slightly
raise the styrofoam ball to see the light bulb
below the styrofoam ball. Students will not be
able to see the light on the moon, as the light will
be shining on the side of the moon ball that they
are not facing. Explain that when the Moon is not
visible from the Earth, it is called the New Moon.

New moon

Student view
Side view

. Solar Eclipse: To simulate a solar eclipse, have
the participants block the light source where the
shadow of the styrofoam ball falls on their face.
They can easily view this from the other participant
using the styrofoam ball next to them.

. Waxing Crescent Moon: Keep the styrofoam ball
extended in front of their body, and have students
turn their body 45 degrees counterclockwise. They
should begin to see the right side of the sphere
illuminated and creating a crescent shape (like a
curved banana). As they move counterclockwise,
more of the moon ball will become illuminated.
Explain that this phase is called the Waxing Crescent
Moon.

Waxing crescent moon

)

Student view
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4. First Quarter Moon: Tell participants to move an

additional 45 degrees counterclockwise (90 degrees
from the original position) while keeping the moon
in front of their body. The right half of the sphere
should be illuminated. This phase is called the First
Quarter Moon.

First quarter moon

Student view
Side view

5. Waxing Gibbous Moon: Have the participants turn

an additional 45 degrees counterclockwise (135
degrees from the original position) while holding the
moon in front of them. The moon should be largely
illuminated, but not fully. This is called the Waxing
Gibbous Moon.

Waxing gibbous moon

)
‘

, Side view

Student view

Z <
@

. Full Moon:Have the participants turn their body an

additional 45 degrees (180 degrees counterclockwise
from the original position). Their backs should
be facing the light source. Hold the moon in front
of Mount Nose, and lift it up high enough so that
your head is no longer blocking the light. The moon
should be fully illuminated. This is the Full Moon.

Full moon

A !

Student view

Side view




7. Lunar Eclipse: To simulate a lunar eclipse, hold 10. Waning Crescent Moon: Have participants turn

the moon in front of Mount Nose and have the an additional 45 degrees counterclockwise (315
shadow of your head fall on the moon as you move degrees from original position) while holding
the moon counterclockwise. the moon in front of them. They should begin

to see the left side of the moon illuminated and
creating a crescent shape (like a curved banana).
This phase is called the Waning Crescent Moon.

8. Waning Gibbous Moon: 8. Have the participants
continue to turn 45 degrees counterclockwise (225 Waning crescent moon
degrees from original position) from the full moon
position. They should notice the moon becoming
less illuminated. This is called the Waning Gibbous
Moon.

Student view

Last quarter moon

Side view

Student view
Side view X . .
11. Continue to turn counterclockwise until you

return to your original position (360 degrees).
Theilluminated part of the moon should continue
to get smaller, returning to the New Moon. The
cycle is now complete!

9. Third or Last Quarter Moon: Have the participants
turn an additional 45 degrees counterclockwise
(270 degrees from original position). The left half
of the moon should be illuminated (compared to
the right side in the First Quarter). This is called the
Third or Last Quarter Moon.

New moon

Waning gibbous moon

Student view

Side view

Student view

Side view
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Background Science:

The different phases of the Moon depend on where the Moon is in orbit around the Earth. As seen in this
demonstration, the Sun illuminates half of the Moon, and we only see a section of the illumination from our
perspective on Earth. When the Moon is in orbit between the Sun and Earth, we experience the New Moon. As
it orbits counterclockwise, we see more parts of the Moon that are illuminated until it reaches the Full Moon.
The Full Moon is when the Earth is between the Sun and the Moon. As the Moon continues to orbit the Earth,
we see less and less illumination until it reaches the New Moon again. This cycle repeats every 28 days.

Because the Moon’s orbit is tilted, the placement of its shadow changes. This is why there isn’t a solar eclipse
every month. Sometimes the Moon’s shadow is too high above Earth, and other times it’s too low. Occasionally,
the shadow is just right, producing an eclipse.

The Moon does not produce its own light. The Sun is the only source of light in the solar system. Without the
Sun, our Moon would be completely dark. What you may have heard of as “moonlight” is actually just the
sunlight reflecting off the Moon’s surface.

The Sun’s light comes from one direction, and it always illuminates one half of the Moon (the side facing the
Sun). The other side of the Moon is dark.

Sources:
https://www.jpl.nasa.gov/edu/teach/activity/moon-phases/

https://www.jpl.nasa.gov/edu/teach/activity/model-a-solar-eclipse/
https://spaceplace.nasa.gov/moon-phases/
https://spaceplace.nasa.gov/orbits/en/
https://science.nasa.gov/resource/why-dont-we-have-a-solar-eclipse-every-month/

https://spaceplace.nasa.gov/eclipses/en/
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Activity Overview:

Students will explore how people in the past experienced and understood eclipses. Based
on this history, students will create their own fictional or nonfictional eclipse stories. By
gaining context for the magnitude of an eclipse and the unifying experience of witnessing
one, students will engage more deeply in the topic and create their own meaning.

Preparation:
e Collect eclipse stories, histories, and traditions you wish to share.

e Print out scroll/historic-looking templates.

Key Terms:

Solar Eclipse: When the Sun and Moon line up in a way that allows
the Moon to block the Sun’s light, as seen from a point on Earth” to
the end of the definition.

Prophecy: A prediction of what might happen in the future.

Omen: An event that is seen as a sign of something that will occur
in the future.

Tradition: The handing down of beliefs, customs, and information
from one generation to the next.

Mythology: A rich collection of traditional stories from different
cultures.

Activity Procedure:

1. Begin by watching “How Eclipses Changed History” by NPR’s
Skunk Bear. This video covers the history of human observance
of the eclipse

2. Share some selected stories (places to find stories listed in
“Additional Resources” section below)

3. Tell students that now is their opportunity to create their own
eclipse story. This can include predictions, omens, traditions,
mythology, or anything in between. They are encouraged to
be creative!

¢ What kind of events does the eclipse foretell?
¢ What ways will you observe the eclipse?
e |s it a moment to celebrate or be wary?

Duration: 20 min

Materials:

e Slides (239-243)

e Optional: Print out templates
of a scroll or other suitably
historic theme such as a stone
template, old-looking book, etc.
Example of a scroll template:
https://timvandevall.com/
templates/blank-scroll-
templates/

e Writing Utensils

Useful Tip:

Some students may enjoy the
creative and inventive aspects of
this activity, while others might find
venturing into hypotheticals and
mystical elements unpleasant or
off-putting. Explain that their eclipse
stories can stick to known science

if they prefer (instead of creating
fictional omens/mythologies).

4. If students are comfortable, they can share their stories with the whole group.
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https://docs.google.com/presentation/d/1dBz00LdCThW0r345wvP3LPu54HomWR2bbqigqlCnZCE/edit?slide=id.g1e54e6b9176_1_797#slide=id.g1e54e6b9176_1_797
https://www.youtube.com/watch?v=tTxz_d2q7Js

Extension Ideas:

e Students can do their own research and present historic eclipse stories to their classmates. One way to organize
this is to assign them specific regions to study.

e Stories can be shared in various ways. Students can write, act out scenarios, draw pictures, create collages, etc.

e If students are interested, explain that archaeoastronomy is a study that combines science, history, archaeology,
anthropology, and more. Archaeoastronomists study how people in the past understood celestial phenomena, and
use that information to help guide astronomers today.

Background Science:

The solar eclipse is a celestial event that has been occurring long before recorded history, and even before
humans ever walked the planet. Solar eclipses have been seen all over the world. Thus, they are a phenomena
that people all over the world, all throughout history, have witnessed. The first known record of the eclipse may
be a cave drawing found in County Meath, Ireland at the Loughcrew Megalithic Monument. The drawing dates
to 3340 B.C.E and depicts a series of spiral-shaped and circular petroglyphs.

Just over 2,000 years later another recording of an eclipse appears to be made, 4500 miles away in Anyang,
China. Images of the eclipse were carved into oxen and tortoise bones that can be dated to 1200 B.C.E. Those
bones actually helped NASA properly calculate the Earth’s orbit in the 1980s and 1990s:

Determining exactly when the eclipse was seen and where the Moon’s shadow fell
on Earth helped them calculate the rate of Earth’s spin. The eclipses they used for
this research were in 1226 B.C.E., 1198 B.C.E., 1172 B.C.E., 1163 B.C.E., and 1161
B.C.E. If Earth were rotating at the same speed it is now, these eclipses would have
occurred thousands of miles from Anyang. Since we know they occurred in Anyang,
the scientists concluded that Earth’s rotation had slowed by 47-thousandths of a
second per day in the past 3,200 years (https://science.nasa.gov/eclipses/history/)

Besides the scientific study of the eclipse, human cultures all over the world have found great significance and
meaning in moments of solar eclipse. For many, seeing the Sun disappear from the sky in the middle of the day
could be a terrifying event that indicates bad omens.

Additional Resources:

Here are some sources for learning about how humans throughout time have talked about the eclipse:
https://eclipse2017.nasa.gov/eclipse-history

https://www.history.com/news/solar-lunar-eclipses
https://www.newsweek.com/what-solar-eclipses-meant-ancient-cultures-651206
https.//www.vox.com/culture/2017/8/18/16078886/total-solar-eclipse-folklore
https://www.nytimes.com/2017/08/18/science/solar-eclipse-myths.html|
https://www.livescience.com/60139-why-eclipses-frightened-ancient-civilizations.htm/
https://theconversation.com/how-ancient-cultures-explained-eclipses-79887
https.//www.smithsonianmag.com/science-nature/how-ancient-civilizations-reacted-to-eclipses-180983894/
https.//www.scientificamerican.com/article/how-ancient-humans-studied-and-predicted-solar-eclipses/
https.//www.exploratorium.edu/eclipse/eclipse-stories-from-around-the-world

Mask of the Sun: The Science, History and Forgotten Lore of Eclipses by John Dvorak

Sources:
https://science.nasa.gov/eclipses/history/

Mask of the Sun: https://www.goodreads.com/book/show/30334182-mask-of-the-sun
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Materials

List

All Activities Support Information

Camp Example Slides

Activity 1: Solar Mysteries

e Printed mystery cards (preferably laminated)

e Chart paper

e Markers

e Scrap paper or notebooks
e Pencils

Activity 2: Helioviewer

e Laptops (or any device with internet connection)
e Paper

¢ Pencils

e Colored pencils

e Suggested Worksheet or use your own journal or
notebook for sketching

Activity 3: Paper Plate Solar System Model

e Large paper plates (~9 inches)

* Small paper plates (~6 inches)

* Moon template printed on cardstock

e Coloring supplies (ex: crayons, markers, etc)
e Scissors

e Brass fasteners

e Push pin

* Long paper strips (~16in; ~ % in thick)

e Short paper strips (~8in; ~ % in thick)

e Optional: 2in hole punch

e Optional: Something to trace a small circle with

Activity 4: Layers of the Sun

¢ Play-doh, Model Magic or modeling clay of a variety
of colors

e Clay tools (rollers, etc)

¢ Plastic knife

e Paper plates

¢ Information Slides

e Layers of the Sun Visual Guide pdf

Activity 5: Direct/Indirect

e Earth, Sun, and Moon model (this can also be created
using Activity 3: Paper Plate Solar System Model)

e 1 tilted globe with a stand
e 8 flashlights
¢ 8 globes or inflatable Earth globes

e Sticky note flags

Activity 6: Magnetic Fields

e Foam Earth models

e Handmade magnetometer

¢ Bar shaped rare earth magnets
e Standard circle magnets

e Large bowls

* Tape

e Paperclips

e Pencil

¢ Push pin

Activity 7: Making the Invisible Visible

e UV Beads
Where to Purchase:
e Carolina Biological
e Arbor Scientific
e Black light or UV Flashlight
e Pipe cleaners
e Regular plastic beads
¢ Images of the Electromagnetic Spectrum printout
e Worksheet to test UV beads printout
e Pencil

Activity 8: Aurora Art

¢ Qil pastels

¢ Paper (cut in half sheets)

e Masking tape

¢ White paint

e Toothpicks

e Pencil

e Bowls for paint

e Paper towels or blending sticks
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https://docs.google.com/presentation/d/1dBz00LdCThW0r345wvP3LPu54HomWR2bbqigqlCnZCE/edit?slide=id.p#slide=id.p
https://docs.google.com/presentation/d/106qqenF9ZhZqTzJfOkn1g-GJtLF8IC53H4U-qm8N28c/edit?slide=id.p1#slide=id.p1
https://docs.google.com/document/d/1rPwq6TPePO0kuY4bkNwVArpRU1mzQLw9l_NCHrcpSpg/edit?tab=t.0
https://docs.google.com/document/d/1khDAmixBxkFSIIJOvRiD2TbtjVDugBK8jUDxJyXI84U/edit?tab=t.0
https://docs.google.com/presentation/d/1dBz00LdCThW0r345wvP3LPu54HomWR2bbqigqlCnZCE/edit?slide=id.p#slide=id.p
https://drive.google.com/file/d/139jBZWRq-I2C7z_lci1eaz8d-AFmathH/view
https://www.wardsci.com/us/en/product/28636227/eisco-illuminated-sun-earth-and-moon-orbital-model
https://www.globestore.com/explorer-globe-by-replogle-p/30501.htm?gclid=Cj0KCQiA2oW-BhC2ARIsADSIAWoP6_fPrxOtLWfLnWxZiyla7P0fDCAEKINu1wGG0zwJ-R4scqVvi7IaAsE1EALw_wcB&gad_source=1
https://www.amazon.com/Golcellia-Fluorescent-Translucent-Sticky-Markers/dp/B0997ZH3Z4/ref=sr_1_4_sspa?dib=eyJ2IjoiMSJ9.l5pGmd94jSXaRrtRy-eWUAJvIAx96GWq3bAo5JBeMWgpY_l00ozH6F0MW8v_yZgHwrJ4t0SYjKhD0VVZU9am6ynUsInQzUKLmIth2I12OQ7FMTTSuckSSPXOKbLBIhtipQrPZJ_dM9MYnD_yQ5AIhCH06StSclWPalFNT6oKGtkya4WVjOu_mwLOAeyF5rbQ-hmAP9mBWhSaVFho_jFGYtEe0cxumBrMoyU45xKQTREWAob_I2n4zKPJ_aq14ZOkWrQdEWYDp6BP0OqMD-qOFmI6I8nv8JmSyRseWuF9aeo.2LmtUKPe5XukNT2zOmoVIithEniLgNvSx7aP_b6UJMI&dib_tag=se&hvadid=695270372338&hvdev=c&hvexpln=67&hvlocphy=9004338&hvnetw=g&hvocijid=17471911309388996043--&hvqmt=e&hvrand=17471911309388996043&hvtargid=kwd-296281581086&hydadcr=22796_13493752&keywords=sticky%2Bflags&mcid=952884c0766b3d7dbe9d5bd372172394&qid=1756305052&sr=8-4-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/gp/product/B0BCFV3RW7/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.carolina.com/solar-energy/solar-energy-beads-pack-of-1000/956209.pr?question=UV+Beds
https://www.arborsci.com/products/uv-beads-package-of-1000
https://www.amazon.com/Lepro-Flashlight-Ultraviolet-Invisible-Batteries/dp/B00GU55270/ref=sr_1_2_sspa?crid=UZITUZP60OE4&dib=eyJ2IjoiMSJ9.EE7u9TpzAOTaoIvzlK8nuRaEhnIp6i0G8Hs61PLKW3SBWJT1IXpTaCNC7s-_e-79aEq5hNXybmDHHrLqcc3XGu19Cquyvmk-o9FO32BesTfeXZGsuoHdDh6FZg-oP-0qIlSfOCcZQzwm8HpxmSqeY-fxp8NYpc9kcqimFX36UvRACNTeJhJdi2tNnY_Vmpjk6C_Ln8ONbngC_UO1-sTUIEpZMctIA3FgJ3XskgCvtW-U6qUBYtnHeMLmWZKfZ3tqEa3J2C98sIloZd6ELnj9_uLyvbKJWjE6KTucL1KT48U.e_TIeXSG3gMJOx5a4IJ3aCC6ANsrs2z4WSzwOfFomaE&dib_tag=se&keywords=Black%2Blight&qid=1741035581&sprefix=black%2Blight%2B%2Caps%2C95&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://drive.google.com/file/d/1IZxT2S4YKBMj2meIfrXlnl4oY2b_GG2l/view

Activity 9: Power Outages

Per 2-3 Participants

® 6V AA battery holder (x1)
e AA batteries (x4)

¢ 1 Red and 1 black alligator clips
e Mini 6V light bulb (x1)

® Mini 1.5V light bulb (x1)
e Light bulb holder (x1)

e Modeling clay

e Large paper clips (x2)

e Steel wool (grade 0)

e Cardstock sheet

* fuse example

Activity 10: Secret Messages

¢ Glasses template, see Additional Resources for an
example

e Red filter, Lee Filters Direct in 026 Bright Red Lighting
Gel

e Green filter, Lee Filters Direct in 090 Dark Yellow
Green Lighting Gel

¢ Transparent tape

¢ Red crayons that match the red filter

e Green crayons that match the green filter
¢ Index cards or white paper

Activity 11: Solar Ovens

¢ Closable cardboard box (see preparation section)
e Aluminum foil

e Clear plastic wrap

e Gluesticks

e Masking tape

e Ruler

e Stick or dowel to prop the lid open

e Meltable items (see preparation section)

e Optional: Temperature gun or thermometer

e Solar Ovens Visual Guide pdf

Activity 12: Solar Powered Car

¢ 4x6” corrugated cardboard or foam board
e Clamp lights
¢ Flood light (or other strong light)

e Solar Panels: AMX3d Micro Mini Solar Cells — 1.5V
400mA 600mW Compact 80 x 60mm Solar Panels

® DC 1.5-3V 15000RPM Mini Electric 130 Motor Kit

¢ Wheels - 30mm x 8mm Plastic Roll 2mm Dia Shaft Toys
Wheel

o Alligator clips
e Plastic straw cut into 2 3-4 inch
¢ Axle - Stainless Steel 150mm x 2mm Round Shaft Rod

e Gear on the motor: Modle: 092A; Number of teeth:9 ;
Modulus: 0.5 Modulus; Outer diameter: 5.5mm; Hole
diameter: 2mm; Thickness: 5mm

e Gear on the axle: Plastic Gears Model 50102A, 50
Teeth, 0.5 Modulus, 26mm Outer diameter, 5.7mm
Thickness, 2mm Hole Diameter.

¢ Masking tape or clear tape

¢ Paper clip

® Box cutter

¢ (Optional) Suggested Solar Powered Car Kits:
- Solar Made
- Solar DIY Micro Car Kit
- Pitsco Kit

Activity 13: Moon Balls

e Styrofoam balls (4-5” diameter)

e Pencil

e Stationary light source with a 100 watt lightbulb. Ex:
- Clamp light
- Lamp without a shade

e Extension cord

e Table or chair

Activity 14: Eclipses Through History

e Slides (239-243)

e Optional: Print out templates of a scroll or other
suitably historic theme such as a stone template, old-
looking book, etc.

Example of a scroll template: https://timvandevall.
com/templates/blank-scroll-templates/

e Writing Utensils
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https://www.amazon.com/LAMPVPATH-Battery-Holder-Switch-Leads/dp/B07L9M6VZK/ref=sr_1_1_sspa?crid=5F5TVN9GUXAZ&dib=eyJ2IjoiMSJ9.FsEJYLTSbMrmVnateGmyROa-0XVwXEdlcN1DigF1B_4E7G59I1a7JqrO_JIYD79xiOGHBVvy_deTTZoLGDO7tG6hJky6_5GlQt86i1_yP5ldXxMYREXm_HJcfoldxUc7uXgkDHPREL9dgHlltC99oxRBL0zgu0U8_5nozIVyi5lyq8Bcj2sp7IWcq8vUkpQ9gGa4z4xtr1_l09xIv8uhhhrUirq_yUZaov8C-Jo8Vn0.gFux-YkYzbuJ8YS-gjruxMqduWzikQvKNovv7LitybQ&dib_tag=se&keywords=6V+AA+battery+holder&qid=1740785443&sprefix=6v+aa+battery+holder+%2Caps%2C467&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/3Pack-Alligator-Clips-Wires-Cable/dp/B085VQCF3C?psc=1&pd_rd_w=Pm0Bz&content-id=amzn1.sym.ea1d9533-fbb7-4608-bb6f-bfdceb6f6336&pf_rd_p=ea1d9533-fbb7-4608-bb6f-bfdceb6f6336&pf_rd_r=VZGTQVXW1QK970TMT16W&pd_rd_wg=wDO82&pd_rd_r=8762d85b-0655-4463-8ce0-ddc61c25fb0e&ref_=sspa_dk_detail_1&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWxfdGhlbWF0aWM=
https://www.amazon.com/Miniature-Screw-6V-0-5A-Flashlight/dp/B0CBNZ5YD5/ref=sr_1_5?crid=3VR7WNHMM1C48&dib=eyJ2IjoiMSJ9.4L4uTZzaKO25Lvnm-9qCTG-bKgXW9GPL94gyYxrE0NqR2uAr9wOKKQluZY1VMHOmk7dytpJXAm1INIb8XgcPMtkCIx0n5xUWxk0MFLddCg13az_B1tXza1f9wwVeWlrd8jm95Dj8JTltki3zvVSyV-h3WfDMbl0HrJSnYxQdFEvG9LHrny1W98FS9NlOxWnDBZ7J9ZVKAn0J2Pd9ZlBksUPZ2u-I7zxN-_8fQCluBi1nwkQ3Xcn9lqGopZd7zaymvISsv1lwQYB-_vFBqTuo8WFcqg47Fe6pMJUefUhKNcOHf9VSXxCQRjwwtfXqJxEyeXvQ1MyJfYNmkwg3kXQhTyDIQD_KZOxq0Mor1oam7A7do7N8bpvA3quSMOxbfhRwT2eQ0TRBuMNqztPjlcPYlAaVF0l9uUzdzBCnupzziRD7N9KuSOBcY0f9RywISnaZ.1umPxrLqGx5ORT7_fpjC_BPrwbob3YfG1ADrMsOrk4Q&dib_tag=se&keywords=6v%2Bmini%2Blight%2Bbulb&qid=1740786010&sprefix=6v%2Bmini%2Blight%2Caps%2C237&sr=8-5&th=1
https://www.amazon.com/SQXBK-Miniature-Experiment-Electrical-Accessories/dp/B09W42SF2M/ref=sr_1_3_sspa?crid=37J17VYEHG1UP&dib=eyJ2IjoiMSJ9.x0UOtBL1eCuOj99WLWnXZ8iftBcZ2JfZwkllt-cK2-plMq0P-oOMgpnL4QLbuGsmj5G-JXgdVD5v8Z9IqZrBx4tyo7leJYRLlxiV1z-0b6Tc3eSx4b22zO3chvmYrLrbJe48F8ajH480wzfBh5g9T6RkwEZsK4Id8J7MQGxCOYJNACEAHNQldf1iuqXbrR9sk3xUwxbXHXm_6y2TNLaq8reZ1EQMI-aVM1Vy5kLrt1n5L6b3uJOFu8eIihdNCkLTH9QSry6nkp1FmfPcL46uRfIaY-ADSWSKrI2uVtI_xSs.22lFZnZ_Qq45fZuVFr0SVAGXCQaJYguBiiFoIwebr2s&dib_tag=se&keywords=1.5v%2Bmini%2Blight%2Bbulbs&qid=1740786082&sprefix=1.5v%2Bmini%2Blight%2Bbulb%2Caps%2C737&sr=8-3-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/SQXBK-Holders-Sockets-Circuits-Experiment/dp/B09XXMPW6M/ref=sr_1_17?crid=1N6HC1UDPFG18&dib=eyJ2IjoiMSJ9.Om7tmU-D4Hp-kixNx9oXS4NhtntbpvAES3dzbhUCgnfSqW2_VSAYQOf9rua488KZxlPVTktEBCsqAy7H51CMxdTKKnH1DlKp5FWfq89Jp73Lu5Cl90Xn7ALSdABt1fEEbrvrD6HfIShlAbH9Bu4Zpb1HrvYA1klN4-L8lQp3tsRPUgeyPYh8YbxB-s7_91cFsCSCBCmWhTro-005N-HXGfR5BlvSAQkw_iolob-yJn3g3C6FczekKGU3Rb3ygONNtSUQ5JwYebSDN3eLcVq36Acxc3-bv1ZDtCaLmC8bp5L_l6YjQ0yF4mhsGTXfZlxqMgakk7dvGMFZKjUzc4DYvgL6Mo3hGIRjoRnGbuqBbxM.nkG5BEVKNOjfEHk69DRNdTw59DfWZ_vBfHt3FvTrbjI&dib_tag=se&keywords=Light+bulb+holder+mini+light+bulb&qid=1740787457&s=hi&sprefix=light+bulb+holder+mini+light+bulb%2Ctools%2C82&sr=1-17
https://www.amazon.com/Crayola-Modeling-Non-Toxic-Traditional-Sculpting/dp/B011EG5KTO/ref=sr_1_6?dib=eyJ2IjoiMSJ9.BhsVRg8jDKFOXrB_VRHmVTQuauo8YwpndvWBbY9HIjwRana0bL6oezx9g7s87Aqdssv3L4CutiAd1aD3jOGH6wbQ31cSxkhpy4EwrZLlv-jtdgCP5o5IIuOgzEVTBUzfuSWlguRujsXyN2IRCEKepE7VuG7pktHw98Hwgp_DMEaE_iqGJ4Sp7zy74vMe1PbtCePi7MSiJfbOo6o6RYhiUlJj38t6aWyhvL_IkEFuZDRGQGJAjD9rk_3qpQilpI6CgzUjkYwSLXN9olAwLvjCuMI6ARrf6QADJap-Z9E1EfegaN_WRxq9Ih39kU5bmo341lcf2YeXH8j9PyQTAhCocwwMsMAgsrmSvnCgyBiL09fcpkZngBa63AM3-fUoemzElMk8O25bN_xAwZp01jL6bIyYTZZ_Bsjd-R8-aStF_im79ZPnOqsH3sjni8DsM4b7.6S5EmBpNPspFqr16Ha_leOknkFjTn_jjTxYgWtzmzuY&dib_tag=se&keywords=modeling%2Bclay&qid=1740787682&sr=8-6&th=1
https://www.amazon.com/Steel-Grade-Rhodes-American-Between/dp/B074MCD94T/ref=sr_1_3?crid=5OJM15Y5KF85&dib=eyJ2IjoiMSJ9.1n9C_hjDdqWvfemrpnXI7sW_v7QhyS8IXW88LVf8rfKxH0UTsojEihq-SPngwWzGVdQLVHFM2Rc08hQABpXVBi_9BHMr2r4k3sYbqkW6YqOe5Gvezng5ZUBget0_2FVB44V6ise9yHZ1TcFkVUJEtNkFzMD4AtlsMP-lQKnFUXK9RfBhgOe1P0dIOxYCXzsZTgV8wuPTHk_-4-d1tBdHW-a6yFZ2Dta5-z6r-pPKKF1wr357L-x6hBJg2vGsPGEj09ROJ9K0dIjdT2m1e9w_-ongKO5d2zd8MmyyNfffMqFefrQIIWs8Due-ZtsjsxDx2jn_12l-xkzSCf9-zI7gkZh-cnqqs2IPoK6jLNPkLjc.Z9nTpo2FlMXI_r95_h0ap074cwNFMAh--K50j-aTuiw&dib_tag=se&keywords=Steel%2Bwool%2Bgrade%2B0&qid=1740787564&s=hi&sprefix=steel%2Bwool%2Bgrade%2B0%2Ctools%2C260&sr=1-3&th=1
https://www.amazon.com/MECCANIXITY-Axial-Replacing-Repairing-Electronics/dp/B0CVWX3DKB/ref=sr_1_17_sspa?crid=2J77QY0MRUVKN&dib=eyJ2IjoiMSJ9.aJkFxKlgNRG29CRL9zD3mJ1vyhxhUCldg-0gPaXCIQX8rkbadFsD2ZiZsnvM8sNz-RIxoIS-OaPTxa5Llv4FeZ2QVICphzx8oKmS6NziWXssLZ2EeZrPGihJa8PjczPQoz3hY2J1mvk50hXmoY0-7zuNrhyQ4lHyJfm4CNDMeiLZ3dzs1VfO-kUsRD5C49NsOUMdfOUiSS4L6v6QL5m4q7k25ucAHR6Q1JpZjjgjRkVa-YKCw4OUaVAIVIg8BCGZyTtupX907KazI4LeG_ytEDDLBR6jrFUwQV2sPecWMpU.HOtkyfKnX0Qqhs3vRbbkxmzpfWSwaEcgmXu2iHRCdVk&dib_tag=se&keywords=Fuse%2BExample%2Btubes&qid=1740787626&s=hi&sprefix=fuse%2Bexample%2Btube%2Ctools%2C224&sr=1-17-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://usa.leefiltersdirect.com/products/026-bright-red?_pos=1&_sid=38ec537b6&_ss=r&variant=49498191823163
https://usa.leefiltersdirect.com/products/026-bright-red?_pos=1&_sid=38ec537b6&_ss=r&variant=49498191823163
https://usa.leefiltersdirect.com/products/lee-090-dark-yellow-green-lighting-gel?_pos=1&_sid=a62a4d6c0&_ss=r&variant=49498177929531
https://usa.leefiltersdirect.com/products/lee-090-dark-yellow-green-lighting-gel?_pos=1&_sid=a62a4d6c0&_ss=r&variant=49498177929531
https://drive.google.com/file/d/1vfnnREiFJ_DbWqGNzqUr9DX-4LPZykPk/view
https://www.amazon.com/Srutueo-400mA-80x60mm-Micro-Mini-Panels/dp/B0D5DDS1SM/ref=sr_1_1?crid=6TWQ7N2WQQZP&dib=eyJ2IjoiMSJ9.yJ2hYyAssDAbEIw7bP6TMRwoTXUxEvkwEoQMJXUJxftzUZVczXHvaEVHBijlgJrJWzycfK-6SPCZj6xpg-M43D_e3QisO6fXJNxBE2W9dX6i07S1ci5EVYxsdSD9xij1fWzX5i7Y9YQeAtejU-NOCz_77Gc6D8yMaJ9fwNFan17_mVgWwBetsYQcfSc2xrHzUdNh3ci0RaauNSaaneDcsh8SZ5lpUkvn2rNm5JtZ1EY.04FuM_d408EsJQOGIUG_Y1ZlkkTMydY0v6j8d0l2QEY&dib_tag=se&keywords=AMX3d+Micro+Mini+Solar+Cells+%E2%80%93+1.5V+400mA+600mW+Compact+80+x+60mm+Solar+Panels&qid=1741012854&sprefix=amx3d+micro+mini+solar+cells+1.5v+400ma+600mw+compact+80+x+60mm+solar+panels%2Caps%2C107&sr=8-1
https://www.amazon.com/Srutueo-400mA-80x60mm-Micro-Mini-Panels/dp/B0D5DDS1SM/ref=sr_1_1?crid=6TWQ7N2WQQZP&dib=eyJ2IjoiMSJ9.yJ2hYyAssDAbEIw7bP6TMRwoTXUxEvkwEoQMJXUJxftzUZVczXHvaEVHBijlgJrJWzycfK-6SPCZj6xpg-M43D_e3QisO6fXJNxBE2W9dX6i07S1ci5EVYxsdSD9xij1fWzX5i7Y9YQeAtejU-NOCz_77Gc6D8yMaJ9fwNFan17_mVgWwBetsYQcfSc2xrHzUdNh3ci0RaauNSaaneDcsh8SZ5lpUkvn2rNm5JtZ1EY.04FuM_d408EsJQOGIUG_Y1ZlkkTMydY0v6j8d0l2QEY&dib_tag=se&keywords=AMX3d+Micro+Mini+Solar+Cells+%E2%80%93+1.5V+400mA+600mW+Compact+80+x+60mm+Solar+Panels&qid=1741012854&sprefix=amx3d+micro+mini+solar+cells+1.5v+400ma+600mw+compact+80+x+60mm+solar+panels%2Caps%2C107&sr=8-1
https://www.amazon.com/California-JOS-15000RPM-Electric-Experiments/dp/B0CJHT46M8/ref=sr_1_2_sspa?crid=1Q5CCX4UJ5UN&dib=eyJ2IjoiMSJ9.S74FTj5ZXR9e7CLtvywkPAVGQo5PWsbpackeCWgCDpHbkXglXzulFSZs4LhEd6_5eqBeec06LkSmy7rhNBfIDHknULRCY_WO8FQgCfHMtn8DRpKJE3-q43f-SKkBJqORWi6XYk9f57eWQBq9yBa1R9F-mx9dzrcav4d_I_DYX9Y1xutzBHzsDzQvMLg-qBvvUeS59HQgZJOCbkpujMVWhojEQIklTMB2-7wK_A5ZB_7-zrWBzmeouCGYPKnum9hY0OSiPVj2sy9hH9UOz3iCG3ea1T5iEqcex0PAIhJEREE.PDbIwP7XdsEzO8CpONU0HVHBqtQkwfnlrpgfhyQxQJo&dib_tag=se&keywords=DC%2B1.5-3V%2B15000RPM%2BMini%2BElectric%2B130%2BMotor%2BKit&qid=1741012888&sprefix=dc%2B1.5-3v%2B15000rpm%2Bmini%2Belectric%2B130%2Bmotor%2Bkit%2Caps%2C102&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EUDAX-30mmx8mm-2mmx100mm-Helicopter-Building/dp/B09333WWRF/ref=sr_1_2_sspa?crid=3BJ1HA1RHVRM3&dib=eyJ2IjoiMSJ9.h_x9lksyYmeUe6WfuPJOiNb4SMcEYhi-7Q-heGlzJpsiwhbgvDLV3TtlijTAlD3dq0m48GRLXkkZ5qy9_4CxA4L8Uzg7nykH22gtXr2_B9vS2f-km0ZdKvCZTSxZmBof2iaHE9clnC8VCTLz_XOFr-FgV0zfyOiOA-yN0KCq73jpekLSXo5arsUYdWG8AZ03vCrYIVbsLojnqlyVhocDM_RZxHMo1Le_Me7EQnOXyj0.xAITscTnt6mmXndKeVAdkSx1iuBaIeBi_vYL8KazoEQ&dib_tag=se&keywords=30mm%2Bx%2B8mm%2BPlastic%2BRoll%2B2mm%2BDia%2BShaft%2BToys%2BWheel&qid=1741012968&sprefix=30mm%2Bx%2B8mm%2Bplastic%2Broll%2B2mm%2Bdia%2Bshaft%2Btoys%2Bwheel%2Caps%2C64&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/EUDAX-30mmx8mm-2mmx100mm-Helicopter-Building/dp/B09333WWRF/ref=sr_1_2_sspa?crid=3BJ1HA1RHVRM3&dib=eyJ2IjoiMSJ9.h_x9lksyYmeUe6WfuPJOiNb4SMcEYhi-7Q-heGlzJpsiwhbgvDLV3TtlijTAlD3dq0m48GRLXkkZ5qy9_4CxA4L8Uzg7nykH22gtXr2_B9vS2f-km0ZdKvCZTSxZmBof2iaHE9clnC8VCTLz_XOFr-FgV0zfyOiOA-yN0KCq73jpekLSXo5arsUYdWG8AZ03vCrYIVbsLojnqlyVhocDM_RZxHMo1Le_Me7EQnOXyj0.xAITscTnt6mmXndKeVAdkSx1iuBaIeBi_vYL8KazoEQ&dib_tag=se&keywords=30mm%2Bx%2B8mm%2BPlastic%2BRoll%2B2mm%2BDia%2BShaft%2BToys%2BWheel&qid=1741012968&sprefix=30mm%2Bx%2B8mm%2Bplastic%2Broll%2B2mm%2Bdia%2Bshaft%2Btoys%2Bwheel%2Caps%2C64&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Favordrory-Stainless-Straight-Helicopter-Airplane/dp/B08L7SGNJM/ref=sr_1_2?crid=BK06CO9NM7KV&dib=eyJ2IjoiMSJ9.YwyKbWw47hXs8riaQHHqy4MrmmPc69bJlliBxs3qVA0v8_4DEAL4zpVDAHyfB8Ig3jN80nwQXQWI2kQUktFLAh6aa9PhT7sh1OnSRlSIXuLj4tVwI93BBJGrx_bRJSFJvAXNnZ1Af3EG3gsSIVnVMntFud39dvBQ_cvM0sI8b9hJgGxwPIVGXbn6aayNfdBnUDEIV0nq8G0J3ERJKY_--y959fyfvSRZhTpxY_wmmKU.Zt-EHs51ct5WEkTXWr5zvD9lJC9DSQhCeZBQCN4s6lg&dib_tag=se&keywords=Axle%2B-%2BStainless%2BSteel%2B150mm%2Bx%2B2mm%2BRound%2BShaft%2BRod&qid=1741013004&sprefix=axle%2B-%2Bstainless%2Bsteel%2B150mm%2Bx%2B2mm%2Bround%2Bshaft%2Brod%2Caps%2C75&sr=8-2&th=1
https://www.amazon.com/Othmro-30pcs-Plastic-White-Modulus/dp/B07XDSLVGN/ref=sr_1_1_sspa?crid=1MGKK8VXU22FZ&keywords=Gear%2Bon%2Bthe%2Bmotor%3A%2BModle%3A%2B092A%3B%2BNumber%2Bof%2Bteeth%3A9%2B%3B%2BModulus%3A%2B0.5%2BModulus%3B%2BOuter%2Bdiameter%3A%2B5.5mm%3B%2BHole%2Bdiameter%3A%2B2mm%3B%2BThickness%3A%2B5mm&qid=1741013067&sprefix=gear%2Bon%2Bthe%2Bmotor%2Bmodle%2B092a%2Bnumber%2Bof%2Bteeth%2B9%2Bmodulus%2B0.5%2Bmodulus%2Bouter%2Bdiameter%2B5.5mm%2Bhole%2Bdiameter%2B2mm%2Bthickness%2B5mm%2Caps%2C53&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://www.amazon.com/Othmro-30pcs-Plastic-White-Modulus/dp/B07XDSLVGN/ref=sr_1_1_sspa?crid=1MGKK8VXU22FZ&keywords=Gear%2Bon%2Bthe%2Bmotor%3A%2BModle%3A%2B092A%3B%2BNumber%2Bof%2Bteeth%3A9%2B%3B%2BModulus%3A%2B0.5%2BModulus%3B%2BOuter%2Bdiameter%3A%2B5.5mm%3B%2BHole%2Bdiameter%3A%2B2mm%3B%2BThickness%3A%2B5mm&qid=1741013067&sprefix=gear%2Bon%2Bthe%2Bmotor%2Bmodle%2B092a%2Bnumber%2Bof%2Bteeth%2B9%2Bmodulus%2B0.5%2Bmodulus%2Bouter%2Bdiameter%2B5.5mm%2Bhole%2Bdiameter%2B2mm%2Bthickness%2B5mm%2Caps%2C53&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://www.amazon.com/Othmro-30pcs-Plastic-White-Modulus/dp/B07XDSLVGN/ref=sr_1_1_sspa?crid=1MGKK8VXU22FZ&keywords=Gear%2Bon%2Bthe%2Bmotor%3A%2BModle%3A%2B092A%3B%2BNumber%2Bof%2Bteeth%3A9%2B%3B%2BModulus%3A%2B0.5%2BModulus%3B%2BOuter%2Bdiameter%3A%2B5.5mm%3B%2BHole%2Bdiameter%3A%2B2mm%3B%2BThickness%3A%2B5mm&qid=1741013067&sprefix=gear%2Bon%2Bthe%2Bmotor%2Bmodle%2B092a%2Bnumber%2Bof%2Bteeth%2B9%2Bmodulus%2B0.5%2Bmodulus%2Bouter%2Bdiameter%2B5.5mm%2Bhole%2Bdiameter%2B2mm%2Bthickness%2B5mm%2Caps%2C53&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&th=1
https://www.amazon.com/Bettomshin30pcs-Plastic-Diameter-Thickness-Mechanical/dp/B08TQW1KPS/ref=sr_1_1?crid=16XUYNJHQCUCJ&dib=eyJ2IjoiMSJ9.pqYAOt1lJJGY5iueIeXmsuhP-6pYfzKg99BEtZmyQO4mC9pZBdQ2PreRr60qt3gB3fHtYtQkU2JfsqoxF6vUJynylwPdIj-ooPo9uKHdiFE7e_PlmZc7mNkpzswZO9sRhhtgj2MeXr7RBShECiDECw.1rtkiZe1eGbT1OhS7KUsh_eey79gcEpkwdHL2_LpwAk&dib_tag=se&keywords=Gears%2BModel%2B50102A%2C%2B50%2BTeeth%2C%2B0.5%2BModulus%2C%2B26mm%2BOuter%2Bdiameter%2C%2B5.7mm%2BThickness%2C%2B2mm%2BHole%2BDiameter.&qid=1741013175&sprefix=gears%2Bmodel%2B50102a%2C%2B50%2Bteeth%2C%2B0.5%2Bmodulus%2C%2B26mm%2Bouter%2Bdiameter%2C%2B5.7mm%2Bthickness%2C%2B2mm%2Bhole%2Bdiameter.%2Caps%2C48&sr=8-1&th=1
https://www.amazon.com/Bettomshin30pcs-Plastic-Diameter-Thickness-Mechanical/dp/B08TQW1KPS/ref=sr_1_1?crid=16XUYNJHQCUCJ&dib=eyJ2IjoiMSJ9.pqYAOt1lJJGY5iueIeXmsuhP-6pYfzKg99BEtZmyQO4mC9pZBdQ2PreRr60qt3gB3fHtYtQkU2JfsqoxF6vUJynylwPdIj-ooPo9uKHdiFE7e_PlmZc7mNkpzswZO9sRhhtgj2MeXr7RBShECiDECw.1rtkiZe1eGbT1OhS7KUsh_eey79gcEpkwdHL2_LpwAk&dib_tag=se&keywords=Gears%2BModel%2B50102A%2C%2B50%2BTeeth%2C%2B0.5%2BModulus%2C%2B26mm%2BOuter%2Bdiameter%2C%2B5.7mm%2BThickness%2C%2B2mm%2BHole%2BDiameter.&qid=1741013175&sprefix=gears%2Bmodel%2B50102a%2C%2B50%2Bteeth%2C%2B0.5%2Bmodulus%2C%2B26mm%2Bouter%2Bdiameter%2C%2B5.7mm%2Bthickness%2C%2B2mm%2Bhole%2Bdiameter.%2Caps%2C48&sr=8-1&th=1
https://www.amazon.com/Bettomshin30pcs-Plastic-Diameter-Thickness-Mechanical/dp/B08TQW1KPS/ref=sr_1_1?crid=16XUYNJHQCUCJ&dib=eyJ2IjoiMSJ9.pqYAOt1lJJGY5iueIeXmsuhP-6pYfzKg99BEtZmyQO4mC9pZBdQ2PreRr60qt3gB3fHtYtQkU2JfsqoxF6vUJynylwPdIj-ooPo9uKHdiFE7e_PlmZc7mNkpzswZO9sRhhtgj2MeXr7RBShECiDECw.1rtkiZe1eGbT1OhS7KUsh_eey79gcEpkwdHL2_LpwAk&dib_tag=se&keywords=Gears%2BModel%2B50102A%2C%2B50%2BTeeth%2C%2B0.5%2BModulus%2C%2B26mm%2BOuter%2Bdiameter%2C%2B5.7mm%2BThickness%2C%2B2mm%2BHole%2BDiameter.&qid=1741013175&sprefix=gears%2Bmodel%2B50102a%2C%2B50%2Bteeth%2C%2B0.5%2Bmodulus%2C%2B26mm%2Bouter%2Bdiameter%2C%2B5.7mm%2Bthickness%2C%2B2mm%2Bhole%2Bdiameter.%2Caps%2C48&sr=8-1&th=1
https://solarmade.com/
https://www.xump.com/science/solar-diy-micro-car-kit.cfm?gclid=CjwKCAjwtuOlBhBREiwA7agf1o_B9n1vGJdL49JzsmSekER1jjQS0t2ythBWttAp1lOrPdl-nc8DQRoCUjYQAvD_BwE
https://www.pitsco.com/products/sunzoon-lite-solar-car?variant=49172740407588&country=US&currency=USD&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&srsltid=AfmBOoqiFEd6PIPWLvgkmRv1JwJGRT3qB94uRz4ZlOYOqx53tUrzuHuO8lI
https://docs.google.com/presentation/d/1dBz00LdCThW0r345wvP3LPu54HomWR2bbqigqlCnZCE/edit?slide=id.g1e54e6b9176_1_797#slide=id.g1e54e6b9176_1_797

Example Camp Schedules

General Daily Schedule:

8:30 - 9:00 e Campers arrive at the museum

9:00 - 10:00 | ¢ Introduction, orientation, and warm up activities

10:00 - 12:00 | » Light Exploration - This period includes a break for a snack as well as a brief recess on the museum floor

12:15-1:00 Lunch

1:00-1:30 After lunch recess
1:30-2:30 e Camp lessons

2:30 - 3:00 e Recap the day, discuss campers’ theories, and share questions

3:00 e Camp ends
Day 1 - Monday: Intro to Mysteries
Activities Covered Activities Covered
e Solar Mysteries introduction activity e Solar Mysteries activity continued
e Intro to helioviewer and sunspot observation e Sun Background info
¢ Observation game e Sunprints
e Solar Ovens
* Helioviewer and sunspot observation

Day 2 Tuesday: Sun 101

P Day 5 Friday: Power of the Sun
* Solar Mysteries activity continued Activities Covered
« Paper Plate Sun/Earth/Moon model e Solar Mysteries activity continued
e Layers of the Sun e Electromagnetic Spectrum
e Helioviewer and sunspot observation * Making the Invisible, Visible
¢ Helioviewer and sunspot observation
Day 3 Wednesday: How the Sun Moves R pay 6 Monday: Earth & Sun’s Magnetic
Activities Covered Field
* Solar Mysteries activity continued Activities Covered
* Reasons for Seasons/ Direct & Indirect Sunlight * Solar Mysteries activity continued
e Solar Calculators e Magnetic Fields
e Sundials e Aurora Art
* Helioviewer and sunspot observation * Helioviewer and sunspot observation
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Day 7 Tuesday: Electricity/GPS

e Solar Mysteries activity continued

Day 9 Thursday: Eclipse

e Solar Mysteries activity continued

e Electricity Activity

e Moon Balls

® GPS Video

e Historical Eclipse

¢ Helioviewer and sunspot observation

¢ Helioviewer and sunspot observation

Day 8 Wednesday: Living with a Star

e Solar Mysteries activity continued

Day 10 Friday:

e Solar Mysteries activity continued

e Secret Messages

¢ Helioviewer and sunspot observation

e Solar powered car

¢ Final recap/theory share out

¢ Helioviewer and sunspot observation

¢ Culminating event
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